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The classification and character of the Belt series in

porthwvestern Montana

By Clyde P. Roas
U. 3. Geological Survey

Introduction

A general paper summarizing all features of the Belt series
(Precambrian) in Montana and neighboring aress is in preparation. This
paper will include discussion of problems of various kinds relative to the
genesls of 1';he series and its relations with similar rocks in regions
outside of Montana. For the purpose of making the dats promptly
avallable to anyone concerned with the Belt series, pertinent factual
sections of the report in preparation are asserbled here, leaving
theoretical metters to be presented in the complete report when that is
published. The present paper includes a stratigraphic classification
that differs in some respects from any hitherto proposed and formal
definitions of stratigraphic unita. In some instances usage rather than
exact, published definitions has determined the nomenclature employed.
In addftion, the differsnt features that aid in recognizing the units and
availabla information as to the lithologic character of the various units
in the series are surmarized. There is room for much additional work in
determination of lithologic and other characteristics of the Belt series
than is aveilable at present. It is urged that all concerned in studies |
of these rocks concentrate on assembling ss much quantitative information
as possible as to composlition, texture, fossils and similar features of

each unit studied as circumstances may permit.



Revised classification
Foreword

The summsries slready presented show the nomenclatures adopted by
different students for the Belt series in Montana, with some data on
pames used in Idaho, Weshington, snd Canada. The classification presented
below differs in detalls from any previcusly published. The group, rather
than the formation, is taken as the essential uwnit in the classification.
No single formation has been traced throughout western Montana. The
definitions of groups offered apply rrimerily cnly to Montana but the
s&nm;ofcm:ﬁicamemﬂdbeertendedtowm‘bnm. These
definitions are as precise and as nearly in sccord with standards of .
stratigraphic nomenclature in present use for younger units as possible.

Fone of the formation names offered is originsl. Each is used in
accord with established custom and the intent of the original suthors.
Itmmw,m,wmmethmm
clarify and make as precise as possidble the meaning atteched to esch of
+the names of major units involved in the revision of classification of
the series here offered. ¥Where previous definitions exist, they are
cited. The descriptions below shov past and present usege.



A basic concept in evolving the classification is that lateral
variation is so prevalent that units of formational rank cammot be
sssumed to be recognizable very far fram their type localities, in spile
of the fact that most of them are very thick compared to formations in
many other regions. The distances that particular formations have been
traced vary widely, depending on thelr distinctiveness and on the present
knowledge regarding each.

Plate 1 is a graphic representation of the concepts Just outlined.

Plate 1. Fence diagrans showing stratigraphic relations of the
principal units in the Belt series.

It should aid in coordinating the surmaries on aress in northwestern
Montana and northern Idabho presented later in this report. It is
irmpractical to include in this diagram data on southwestern Montana and
central Idsho. Present data prevent adequate correlatiocns vith the umits
shown on plate 1, in part becasuse of the large distances involved. Fosts
are erected in plate 1 vherever stratigraphic data permit. Where districts
lie close together information respecting them has had to be averaged

into single posts inthediagran)and districts that include only
fregments of the Belt series are omitted. Nevertheless, the wide

spacing of the posts serves to emphasize the scattered character of
available data. One post in Canada is shown to suggest correlations
scross the international boundary. The writer has no personal field
acquaintence with rocks in British Columbia snd feels less confidence in
his Canadian correlations than the others. The names and correlations in
plate 1 are those of the present report, rather than of the original author.
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Most of the Belt series in Montana can be readily placed in four
named groups, the Ravalll, Piegan, Missoula, and North Boulder, named in
ascending order. In addition, a few formstions sre at present inferred
tc de older than the Rawvalll group. As there is only cne formation
regarded as pre-Ravalll in each locality snd mutual relations between
the ¢ld units are wninown, no formal group is proposed to inclnde them.
Ultimately s £ifth group will be named to include the oldest umits of the
Belt sexries unless future investigations show that none is sctuslly older
than the present Ravalll group. If s £ifth group becomes desirsdble, one
possibility would be to raise the Prichard to group rack much as hss been
doue for the Rxvalli. The Prichard formation is the thickest and most
widely exposed of the pre-Ravalli units in the United States and, at
lesst in Idaho, has subdivisicns that may Justify formational rank when
better known. In Mmtana exposures of pre-Ravalli strats are scattered
and muatual relations are cbecure. Thus, & nane for rocks of the series
belov the Ravalli group probably should come from Idsho, or British
Columbia rather than Montana. Plate 1, in which the Prichard formetionm
18 treated much as the groups above it are, demonstrates these points.



The various correlstions of the Belt series have been based largely
mthumum,wuma,m;cmmmmu
are mrtoally equivalent. The units thus correlated have varied with the
concepts of the different authors. The review already given shows that
Walcott and Calkins sssumed that the Newland, Altyn, Blackfoot, and
Wallace are equivalents. In their early work the Siyeh snd Helens were
correlated and thought to be younger than the other carbonate units just
listed. Later Walcott realized that his Blackfoot series and the Siyeh
limestone are closely related. Daly thought of his Kitchener and the
Siyeh, Wallace, Blackfoot, and Helena, among others, as being equivalents
(tadle 2). The part of the esstern phase of Daly's Kitchener formation
in which carbonate-rich rock predowinates must be, as he thought (Daly,
1912, p. 133-135) equivalent tc the Siyeh limestone. Schofield took
the Siyeh limestone cut of the Kitchener formmtion and regarded it as
equivalent to the Striped PeaX formation, wheress he thought the Wallace
and Blackfoot were a little clder. These and other variations in the
use of the nswe Kitchener are among the ressons vhy correlations between

stratigraphic units in Canada and those in the United States are not
resdlly msde.



Clapp and Dediss correlated the Newland limestone with the lower
parts of the Siyeh and Wallace, as defined by them, and regarded the
Helena limestone as equivalent to their upper Siyeh. In the present
paper thelir idea of an upper and & lower Siyeh limestone, separated
by red beds, is not followed. Instead all red beds above their
lower Siyeh, plus all carbonate units interbedded therewith are placed
in the Missoula group. This procedure i3 believed to restrict the name
Siyeh essentially to the beds originally so designsted by Willis. It
alsc facilitates geological mapping by grouping together sll the clastic
beds that are similar lithologically. The carbonate beds sbove the
Biysh linestone as here defined are regarded as relatively discontinucus,
local features. Attempts to correlate assexblages of these beds over
long distances mey lead to exxor. The general scheme of clasaification
here proposed can be grasped by a glance at the correlation chart
(tadle 1).
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The present classification does not aid in correlating formstions
in and close to central Idaho with other parts of the series. Conceivadly
1tm1§rondeaimhlemsetupomormmtomcmwm.
¥ore probtebly future work will permit corvelation with existing groups.
Suggestions as to correlations of formations have been offered (Umpleby,
1913, p. 30-32, Ross, 1934, p. 19-20) tut the evidence in their support
is tenwous and in part contradictory.

(€8]



It should be emphasiszed that in the definitions and descriptions of
units in this report reliance has been placed, necessarily, on published
reportahymméwloghts,ﬁombymmcomistentmng
themselves in the use of lithclogic terms, color designation, and so forth.
Observations by the writer and his sssoclates have aided in interpretation
of divergent usages but, except wvhers specifically noted, the terminology
of the originsl author is followed here. For exaxzple, a rock may be
spoken of here as & red shale whereas the present writer might have
called it in the field a red-purple argillite or, perhaps, even an lxpure
quartzite.

Most rocks of the Balt series in Montana have been partially
recrystallized and few, if any, show well-developed shaly fissility.
Thus terms such as “shale snd ssndstone”, although retained in accord
with prior usage, are open to question. On the cther hand, few of the
rocks of the series in Montana are sufficiently metamorphosed so that
slaty and schistose partings are well devéloped. In some places in Idsho
and Canada the Belt series is more metamorphosed and rock names may
Wtely show this difference. Unfortunately lithologic
nomenclature is not Mcimm standardized so that subtle differences
can be safely inferred from published descriptions, especially as some
of the descriptions here drawn on were written many years ago.

10
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Definitions
pre-Ravalli rocks

The /cliiesiilith --The units at present regarded as stratigraphically
below the Ravalll group are the Prichard formation and the Neihart

gquartzite. The Prichard formation (or slate) is the argillaceous and
arensceous assexblage that constitutes the lowest exposed part of the
Belt series in and near the Coeur d'Alene ares in northern Idaho. It
was named for Prichard Creek in that area (Ransome, 1905, p. 281). In
part through sctual mapping, in pert through inference, the nsme has been
earried almost as far esst as longitude 113°, south of Philipsdurg,

% . In Idaho the Prichard formation has been tentatively

identified as far south as latitude 46°40' (Andersom, 1930b, p. 10).
If the Orofino series of Anderson (1930b, p. 9-10) is, ss he thinks,
& part of the Prichard lower than any expcsed elsevhere, the formation
extends st least as far south as 46°30'. Recent work (Hietanen, 1956,
P+ 3-4) supports the idea that the Prichard extends southward but it
must be remexbered that the rocks so assigned are so intensely
metamorphosed that disgnostic features are chscured.

11
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The Neihart quartzite is the dominantly arenscecus unit that
underlies the Chaxberlain shale and resis om granitic gneiss near
Rethart (Weed, 1899, Wilmarth, 1538, p. 1473-1473) in the Little Belt
Mountains, Montana. As btroadly similar quertzitic rocks are present at
mmmnmwt;mummmmmmt@gm
from its type locality, the name is here restricted to the area in which
it originated. Futmmppmg'mymmlthemequmzitemmof
the Little Belt Mountains where it is not now kmowm but use of the name
in more distant areas would serve no useful purpose. Quartzite in
small exposures south of Philipsburg (Calkins and Emmons, 1915) has
been called Neihart gquartzite but in a conversstion in 1548 Calkins
agreed that the correlation is open %0 gquestion.
JOSMEE The exposures south of Philipsburg may belong to the Missoula
group.




The type locality of the Neihart quartzite is so far from the
localities where the groups into which the Belt sexries is divided vere
established that relstionships are uncertain. The unit is surely low
in the Belt sequence present near Neihart and has been regarded by
Clapp and Deiss (table 3.) as of pre-Ravalli age, an assignment that ia
here accepted ss logical. However, the Fentons {1937, p. 1880) speak
of the Neihart as “basal Ravalli”.

Among cther units that might be regarded as of possible pre-Bavalld
age, attention should be called to the Altyn limestone in Glacier Naticnal
Park. At present (Clapp and Deias, 1931, Fenton and Femton, 1937Db,

p. 1860-1885) the Altyn is assumed to belong to the Ravalli group. It
is the oldest formstion in Glacier Hstional Park, with its base not
exposed. Ho limestone (or dolomite) in the Belt series stratigraphically
as low as the Altyn is on record elsewhere.

The Havalll group.--Calkins (1909, p. 37-38) applied the term
"Ravalli”™ group to strats sabove the Prichard snd below the formation

he then called Newland, now comwnly called Wallace, in northern Idsho
snd northwestern Montans. Eis ussge is a modification of that of
Walcott (1906, p. 7-9) vho divided the Belt rocks in and near the Swan
and Mission Ranges into three series, the Camp Creek, Blackfoot, and
Ravalli, listed in descending order. These 3 series correspond
spproximately to the 3 principel groups of the present paper.

13
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Here the Ravalll group is regarded as including all formations of
the Belt serles, other than the Neilhart quartzite and Prichard formation
that are delow the Heviand limestone or its stratigraphic egquivalents,
such as the Wallace formetion and Siyeh limestone. This definition agrees
with most present usage but is phrssed so &s t0 be both broad and definite
encugh to provide a basis for regiocnal mepping. The name ig inferred
(Wiimarth, 1938, p. l??é)tohgwbmtakeaﬁ'mth:;)‘mu of Ravalli.
As just nocted, uncertsinties remain ss to assignment of certain formations
to the Ravalli, s fact that mey require modification of the above
definition on the basis of future work. For example, it may be found
that the Altyn limestone is stratigraphically equivalent to some part
of the Prichard formetion, or, conversely, that the Neihart quartzite

should bde placed in the Ravelli group rather than below it.
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In snd nesr Idabo the Bavalli group ineludes the St. Regis formstica,
Revett quartzite, and Burke formation (Calkins, 1909, p. 37-38), all names
of localities in the Coeur d'Alene aree in Idaho and not shown on meps in
the present paper (Rsnsome, 1905, p. 281-282). Farther esst, it includes
the Appekunny end Crinnell formstions and the Altyn limestone (Clapp,
1932, p. 22, Fenton and Femton, 1937®, p. 1880-1890). The type
thctmwmmummmmsmmm
Park and the Altyn was nsmed for exposures on Appekunny Mountain north of
the former town of Altyn (Willis, 1902, p. 316-321). In the Philipsburg
ares Calkins (Calkins snd Bmmons, 1915, p. 3) used the term "Ravalli
formation” in essentially the way Ravalli gxoup is used hers. From the
Philipsburg area to near Nedhart no rocks as o0ld as the Ravalli group are
Imown. In the latter locality the Chazmberlain shale has been correlated
vith components of ths Ravalli group (Clapp and Deiss, 1931, p. 693), an
assignmant that seemed probable. The name is derived from exposures near
Chamberlain Creek (Walcott, 1899, p. 206, Weed, 1899, 19500, p. 262).
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The Piegan group.--The assemblage above the Ravalli group in which

carbonate rocks predominate has deen varicusly designated by different
geologists, most of whom use one or more formation narmes for it. It 1a

here tarmed the Piegan group. The base of the group is the top of the
Revalli group and the top is at the place shere largely carbonate-rich
rocks give way to dozinantly argillacecus ounes, comnonly reddish and
gresnish. Parts of the group, notadbly in the Wallace formation in and
near Idsho, ars carbonate-rich only by comparigson with rocks sbove and
below that are almost carbonate-free. The name Plegan group wvas first
proposed by Fenton and Fenton (1937b, p. 1850-1900) from Plegan Mountain
in Glacier Hational Park. In an earlier consideration of the Beli problem
(Boas, 1947, p. 112-113) it was proposed, following Clapp and Deiss
{1931, correlstion table, p. 691) to restrict the Fentons' definiticm
slightly and this usage ws followed in the compilation of the geologic
mp of Montana(1955). The presently proposed definition still further
restricts the group dut places its upper 1limit at & horizon that is
readily recognizable in most places. As nearly all formational contacts
in the Belt series are gradational, local uncertainties as to the precise
position of boundaries are unsvoidadle.

ek
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top of the Sheppard (now Shepard) formstion. Clapp and Deiss (tsble 3 )
did not use a group name but clsarly intended to correlate the Shepard
vith beds elsevhers well sbove the rain mass of cardonate-rich rocks.
The name comes frum the Shepard glacier in Glacier Natlonal Park. ﬁu,
if the term "Pilegan group” had been in use when their paper was written,
Clepp and Deiss would have excluded the Shepard formstion from it. They
434 intend to group the cardbonste rocks in the median portion of the
Belt geries together, and their exclusicm of the Shepard may well have
been becsuse the unit wms originaily (Willis, 1902, p. 315, 324) called
the Sheppard quartsite. Actually much of it is dolomite, a fact impressed
on the writer in 1950 during fieldwork in Glacier National Park, slthough
slresdy known to the Fentona (1937h, p. 1899). In Ross's first
correlation (1949, p. 111-113) the opinicn of Clapp and Deiss wes
sdopted. Further consideration, sfter additionel fileldwork, strengthens
this decision and leads toc the opinion that the Sheperd formation is only
cne of several carbonate-rich units at various horizons in the great
assaxblage of reddish and greenish argillaceous snd ailicecus beds that
constitute the upper part of the Belt series.
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Much fwrther work should dBe dons on the carbonate rocks in the
upper part of the series btut their mtual interreiations throughout
Montana will be difficult, if not impossible, to dstermine. Much of the
needed evidence is hidden by rocks. DBesides the Shepard, the post-Pisgan
carbonate rocks include the Helena limestone and most or all of the beds
called Upper Siyeh limestone by Clapp and Deiss (1931, p. 691). The
contact between the thick mass of carbonste-rich rocks here included
in the Pisgan group sud the reddish and greemish overlying beds, is as
sharp and essily mapped as most contacts between units of the Belt series.
If any of the carbomate-rich rocks sbove that contact are included in
the Plegan group, as suggestad by either Clapp and Deiss or the Fentons,
mecertainties arise, mainly becsuse 20 many of these carbonate units are
discontinuous.



While several different formation names have been applied to beds
of the Piegan group in the United States, each iz used only in a single
region. Homenclatice has varied but currently in northern Idaho and the
most westerly part of Moutana the term "Wallace formation”, derived from
Wallece, Idaho (Ranscme, 1505, p. 282) 1s used. From near Missoula to
the Little Belt Mountains similar rocks (richer in carbonate) are called
the Newland limestone (Walcott, 1899, p. 206) from exposures along Newland
Creek north of White Sulphur Syrings. In Glacier Neticnal Park apd the
surrounding region Siyeh limestone, derived from Mount Siyeh, (Willis,
1902, p. 316-323) is the name commonly used. When more detailed mepping
is done the Wallace, Hewland, and Siyeh will be twcken up into many new
formations, desed largely on subdivisions already nown to exist. Thus,
in each region, the FPlegan group vill eventually comprize numercus
formations instead of the individual units now recognized. Many of the
new units will be of more restricted significance than the thick
sssexblages now recognized.



The Migsouls group.--The Migsouls group, named for the city of

Missouls, (Clapp end Deiss, 1931, p. 677-683) includes all of the Belt
mmmeﬁmm,wmmwmmm’
group in southwestern Montana discussed below. The Missoula group, as
redefined here, exzbraces all the comparatively ltright-colored reddish
and greenish argillacecus and arenacecus strata high in the series. These
strata commomly contain intercalated carbonate-rich masses and, locally,
rather light-colored quartzite lenses. In some aress lataeral variations
in eolor snd other festures obscure the distinctive characteristics thus
triefly summarized. As the thick assexblage of carbonate-bearing rocks
of the Plegan group is commonly easily recognized, no major uncertainty
a8 to the bese of the Miseoula group is likely to arise even vhere the
distinctive features of the latter group are poorly developed.  Confusion
between the carbonats rocks intercalated in the Missoula group and closely
similar strata delonging to the Piegan group is a possidility dut only
vhere relations to the clastic beds of the Missoula group are obscure.

20



[

As first defined (Clapp snd Deiss, 1931, p. 677-653) the Misgoula
group contained all the Belt series near Missouls sbove the unit called
Wallace limestone by Clapp and Deiss, more commonly called Newland in -
that ares. This limestone, irrespective of its name, is the local
representative of the Plegan group of this report. They speak of an
"Upper Wallace limestone™ (1931, p. 691) equivalent to the Helena
l:lmatcmne.nrxelm. The Bevland and Helens limestones in the Helena
Tegion are separated by a great body of clastic rocks of the sort
typical of the Missouls group (Mertie, and others, 1951, p. 18-20).
Clapp and Deigs suggest that these two limestones thin vestward and
finally, by inference near Missouls, become indistinguishable from each
other. However, Clapp and Deiss indicate that the two limestones remain
ssparated by clastic beds near Salmon Lake, somes 30 miles, air line,
from Missoula (1931, p. 685) and that a similar separstion is recognizable
in Glscler Hational Purk. Mapping is not complete but the writer's trips
through country between Missoula snd Helena to the esst and Glacier
Netional Park to the west lead him to the concept that the Newland,
Wallsce, snd Siyeh are brosdly equivalent to each other and that the
Helens, in its type locality, is merely one of the several separate
limestone masses included in the Misscula group of the present report.
This concept was adopted in Glacier Natiomal Park (Ross, 1958, in press)
and iz the only one that furnishes a definite, m1etlbuisfar
mapping the Plegan and Missoula groups there.



The Helena limestone in the Big Belt Mountains and in and north of
Helens, which is the region in which the nsme is commonly applied, varies
markedly in thickness and character from place to place. As the distance
from Helens increases until the varistions and interruptions introduce
enough uncertainity so that one would be rash to select eny particular
exposuwre of such rock and sttempt to equate it with the Helena limestone
of the type locality. These remarks are illustrated by the descriptive
data summarized later in the present paper.

The Missoula group contains meny formations, few of which have been
traced far from the localities vhere they were first recognized. In much
of morthern Idshe the scle representative is the Striped Peak formation,
nemed from & peak in the Coewr d’Alene area (Ransome, 1905, p. 282) but
along the boundary detween Idaho and Montans the Libby formeticn, named
for a town in western Moutans {Cidson, 1948, p. 17-19) overlies the
Striped Peak. Bear Superior, Montana, the group has been divided
(Campbell, in prep. 1958) into the Spruce formstion, Lupinc quartsite,
Sloway formation, Banchard formation snd sn isolated, unnawed unit, listed
in ascending order. As suggested on plate 2, some or all of these may
vell be equivslent to formstions near Missoula but knowledge of the
intervening area is insufficiemt to establish this.

In the Bomner quadrungle near Missouls the Missouls group includss
the Miller Peak srgillite, Bonner quartzite, McNamara srgillite, Garnet
Range quartzite and, st the top, the Pilcher quartzite. Most of these
names were proposed originally by Clapp and Deiss (1931, p. 678-683) tut
bhave been redefined end redescrided as a result of later work (Nelson
snd Dobell, 1958 in prep.).

-
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Recomnaigsances by Nelson, Dobell, and the writer lead to the

opinion that some of the formations recognized in the Bomner quadrsngle

.pmistmutmtmdmamiwr_’hﬂipsbnrg, Both in this reglon

and hetween Missoula and Superior lateral variations hinder correlations.
The Spokane formation near Philipsburg in the sense employed by Calkins
{1915, p. 3) is not the Spokane of the type locality but, inatead is
almost synonymous with the entire Missoula group as that term 1s used
here.

From near Philipsburg southward almost to latitude 45° rocks with
the characteristics of the Missoula group have been seen in reconnalssances
by the writer(Ross, Andrews, and Witkind, 1955) studied in places by
others (Shenon, 1931, p. 45-46, Myers, 1952, p. 46, Guttomrmsen, 1952,
written commmmication, see pl. 1, index map). Scme of the rocks in
this erea are so coarse as to imply that they are related to the Horth

Boulder group, defined below, which grades into the Misaoula group.

‘On both sides of the border of Idsho near latitude h5° there are wide

expanses of the Belt series difficult to correlate with the scanty

avallable date, bul possibly belonging to the Ravalli and Piegan groups.

A
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Rortheast of Missculs further work is needed before the subdivisions
of the Missoula group csn be regardsd as established. In published
reports (Clapp and Deiss, 1931, p. 691, correlation chart, Deiss, 1943a,
p- 211~-218), the units above the Newland limestone are called the Spokane
argillite, Upper Siyeh limestone, Miller Peak argillite, Cayuse limestone,
Eocadley formation and, st the top, the Ahorn quartzite. To the writer
it seems probable that the Spokane argillite of Clapp and Deiss rorth of
Ovando is in large part equivalent to the Miller Peak argillite ss
redefined by Nelson nesr Misscula and that the Upper Siyeh limestone of
Clapp and Deiss is one or more of the limestone masses in the Migscula
group, not necessarily equivalent to any formally named formation,
although called Nelena limestone by them along Prickley Pear Creek
(1931, p. 691). This statement is based on concepts gained in the
Flathead and Glacier National Park regions (Ross, in press, 1958) and
near Missouls, and a reconnaissance along two valleys north of Ovando
with Nelson and Dobell in 1955. One of these valleys is that of McCabe
Creek vhere Clapp and Deiss measured a section (1931, p. 685, correlation
chart).



The mountains east and north of Helena contain some of the longest
known exposures of the Belt series, including those in the Big and Little
Belt Mountaing where the series got its nams. The formations in that
region that belong to the Missoula group, es here defined, are, in
ascending order, the Greyson, Spokane, znd Bupire shales, Helena limestone,
Narsh shale (Walcott, 1899, p. 206-207) and, at the top, & newly recognized
formation, the Greenhorm Mounitain gquartsite of Xpopf (1950, p. 839).
These same units, with some variations in thickness and character,
extend southward to near Three Forks (Klepper and cthers, 1957,

Robinson, in prep.). The type localities are in the Big and Little
Belt Mountains and in neighboring areas tc the west near Helena and
Marysville. Most are stated spproximetely by Walcott (1899, p. 205-207).
The Greechorn Mountain quartzite has been xecognized so far only on the
Mountain of that name northesst of Helensa.

The Sorth Bouldsr group.--The nams "North Boulder group” wes originally
proposed (Ross, 1949, p. 111, 113) for arkosic and conglomeratic
components of the Belt series in isolated exposures nesr the Jefferson

River southesst of Butte. The name was taken from the North Boulder River
(Boulder River on some maps). The group is thought to rest directly on the
pre-Belt complex of metamorphic rocks and where originally named lies
without angular discordsnce beneath the Flatheed quartsite (Middle
Cambrian). It is known as fer esst as T. 2 N., R. 6 E. (Ross, Andrews,
and Witkind, 1955) and may be represented pome distance southwest of its
type locality. Apparently few coarse rocks like the Forth Boulder group
extend north of latitude 46°, The most westerly reported area in which
the group may occur is near Wise River GNNNES .
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In the original definition (Ross, 1949, p. 111) it wves suggested that
the group might be equivalent in sge to parts of the Missouls and Plegan
groups . mmacmsuiutmmmmmntmmm
in the MHissoculs group all the formations discussed at the time the
original definition was set up. On the other hand, recent work farther
east near Logan and Three Forks suggests that psxt of the North Boulder
group may bde much oclder than any in the type locality. It now seeus
appropriate to apply the naxe North Boulder group to the entire assexblage
of strata of the Belt series in southwestern Montans that includes
significant guantities of mterm decidedly coerser than is characteristic
of most of the Belt series. The coarse rocks are near-shore deposits
and nay range in age through the whole of Belt time. The group seems to
interfinger with strata of the Spokane and Greyson shales and with older
units that may de correlative with the Rewland limestone snd even the

Chaxberlain shale.
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The North Boulder group has not yet been divided into named
formations. Probebly it contains in esch of several loealities 3 or
4 subdivisions of formational rank. {Peale, 1896, p. 2, Tansley, Schafer,
and Hert, 1933, p. 11-12, Berry, 1943, p. 6, Perry, B. S., perscnal
latter of October 24, 1547, also 1950, Sehinem, 1950, p. 13-15,
Alexander, 1955, McMarmis, 1952, p. 11-14). The interrelstions between
the subdivisions in the different loeslities are not lmown.



Purcell basalt and similsxr rocks.--The only effusive rock so far

recognized in the Belt series in Mcntana is the Purcell basalt of Glacier
National Park and vicinity. The name was given by Daly (1912, no. 2,

P- 207) because of its occurrence in what he termed the McGilliviary
division of the Purcell mountain system. Within Glacier Naticnal Park
it 18 confined to the lower part of the Missoula group, mostly between
the Shepard formation snd the top of the Siyeh limestone (Ross, 1958,

in press). In Canada more lava of the Purcell type is known then hes
been found Iin Montana and its value as a horizon marker has long been
recognized (Daly, 1912, p. 152, Schofield, 1914%b, p. 86, 89). The name
Purcell is restricted to beds high in the sequence, that is, to those in
the Hissoula group of the present report. However, north of Glacler
Bational Park similar lava has been reported at much lower horizons
(Penton and Penton, 1937b, p. 1887-1888).

In northern Idaho and Washington and in neighboring parts of British
Columbia wvolcanic rocks of late Precaxbrian age have been cslled the
Irene volcanic formation and the Leona wvolecanics. Petrographically
both have resexblances to the Purcell basalt except that they are more
metamorphosed and much thicker. Daly and most later studemts (1912,

Pp. 144.147, Park and Cannon, 1943, p. 9-11, Kirkham and Ellis, 1926,

P. 39-40) regard the Irene and Leona volcanic rocks as coextensive with
and therefore equivalent to esch other. They plsce these rocks so high
in the sequence that it seems clear that they are stratigraphic components
of the Missoula group of the present report. The suggestion (Kirkham end
Ellis, 1926, p. 40) that they are essential equivalents of the Purcell
basalt farther east is here held to be the most probable one. They are

80 much thicker than the Purcell besalt that precise age equivelence may

-



be cpm to question. Okulitexr (1959, 1956) does not discuss the wolemnis
rocks Lut from other publicstions (Walker, 193, p. 3-6, Little, 1950) it
18 evident that the Ireme volesnic formation, where present, is so high
stratigraphically that it would be included in what Okmliteh (1956,
P- T28-T30) proposes to include that part of the Windermere series that
is older than Camkrisa dut younger than Proterozeic. BHe vishes to

. ¢tlevate this part of the Windsrmere series %o systemic rank, meking it

the esrliest system in the Paleczoia ers. If the Irens and Pureell flows
are stratigrsphic egquivalents, and Clulitch's ides should gain acceptance,
part or all of the Missoula group would belong in the new Paleosoic
system. So far his ides hss not gained general acceptance

(Lockman-Balk, 1956, p. 637-64S).
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Diagnostic features
Foreword

Most of the rocks that compose the Belt series lack features of color
or texture that are striking enough to be readily recognized. Recognition
of stratigraphic units, in consegquence, has had to0 depend largely oz;the
perscnal predilections of each observer, including his past experience
with the series. To be of meximim valvue diagnostic fesatures should de
sufficiently quantitative tgc permit different cbservers to obtain
comparable and counsistent results. Various kinds of evidence that may
help to eliminate the personal equation in this respect are cutlined
below. Insdequate data now hamper their effective application but recent
studies and others that are planned are tending to decrease this
dissdvantage.

Iithologic criteria

The characteristics that have been relied on in the past and that,
in large measure, must continue t0 be used by Belt stratigraphers are
those that contribute to the overall appearance of the rock. These
include color, texture, internal structural features, gross composition,
and degree of metarorphism. Nearly all available descriptions are
expresged in such nonquantitative terms as to be of limited utility.



Color.--Color is one of the criteria most widely used in Belt -
stratigraphy. Its use is essential but standardization is difficult. The
lack of agreement as to the names of rock c¢olors is well rown. There
have been many attempts to set up standsrd color names, at least two of
vhich wers intended for rock descriptions (Goldman and Merwin, 1528,
Goddard, 1948). These postdate many published descriptions of Belt
rocks and have not been widely used even in recent publications. Even
vhmwlarmhavtbmappnedwithemm’zmmthemofﬂu
exact color implied. In the present paper color designations are b‘ased
go far as possible on the Hock Color Chart of the Hational Research
Council (Coddard, 1948) but in descriptions taken from published reperts
the original color names have had to be usod. Though of great assistance,
the chart has obvicus handicaps, especially as by nc means all pessible
Tock color variationa are represented in it. MNore elaborate beooks
dealing with color are available (Ridgway, 1886, 1912; Mserz and Paul,
1930; Cooper, 1941; Nickerson, 1546) but have been used little in
geologlic work, in part decsuse of the cdd-sounding color names employed.

Certain of the Belt units have sufficlently distinctive and uniform
colors to be of grest aid in correlation. Csution is needed, however,
a8 perticular beds in different units mey be so nearly identical in
color that this distinction, taken alone, is valueless. Ko single
charscteristic is a safe guide in correlation of the subdivisions
of the Belt series.
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Any method of visual comparison requires care and scme measure
of artistic ability on the part of the uger. Hence it cannot be as
rigidly objective or gquantitative as could be desired. Means of actual
messurenent sre avallable and have been applied to the Munsell colors

"~ (Judd and Xelly, 1939, Reimann, Judd, and Keegan, 146). In spite of

the cbviocus advantages in the elimination of the personal equation
these devices have not come into use by geclogiatsz.
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Texture.--Most of the clastic beds of the Belt series comsist of
fine grains, with originsl textures obscured somewhat by recrystallization.
In some rocks the original grain shapes of quartz and feldspar may remain
discernible, but clays and the decomposition products of other minerals
have been largely converted into a micaceocus mat that tends to mask
original textures. Partial recrystallization ¢of the gquartz and feldspar
contribute to this effect. The result is a rock sufficiently characteristic
of the Belt series so that the experienced observer commonly can say
that a particular rock mess does or does not have the general appearance
of bvelonging to that series. That seme observer would have difficulty
in expressing in quantitative texrms the reasons for his decisionm.

The carbonate~-rich rocks are chiefly fine grained. Many ure so
Impure 28 to grade into clastic rocks like those just commented on.

The carbonate-rich rocks are distinctive because of color, internal
structures, and fosgil content rather than texture.

In general, with prectice, the obtserver tends to associate certain
textural peculiarities visidle in the hand specimen with particular
formations or groups. Such peculiarities should be used with caution.
Diagnoses based on petrographic data are somewhat safer, but are
available for a few areas cnly. In texture, as in color, variations
within the formations that make up the Belt series are more plentiful
and marked then might be inferred from many of the published descriptiouns.

e
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Structure.~--The structwres that Wumw-ﬁcb
rocks include ripple marks, raindrop impressions, salt casts, mud flakes,
mid cracks, end variations in the bdedding. Wavy lsminations ars
characteristic of some units. Crossbedding is conspicucus in some of
the more gquartzose strata. In & few localities the gquartzitic rocks
also have dulbous masses of unknown origin on bedding planes.

The carbonate-rich rocks are replete with structures that have
attracted the sttention of all who have studled them dut are still
izperfectly understcod. The most widely imown of these festures are
the “"molar-tooth" structures, seen as deeply etched pattsrns on
weathered surfaces. Those that gave rise tc the names simlate the
irregularities on the grinding surfaces of the molar teeth of elephants.
The etehed surfaces, however, display a great variety of patterns, many
of vhich have no resemblance to markings on teeth. One of the problems
comnected with the structures is vhether the diverae patterns originste
in cne or seversl differsnt ways. There are so many festures in common
and such a tendency for the different patterns to merge into each other
that & common origin seems probeble, though not proved. They result
from an unequal distridution within the limestone of silica, magnesisn
carbonates, and possidly cther components, produeing veriations in
soludbility during weathering. While the structures are conspicucus
where wexthering has been effective, they are nearly or gquite invisible
on freshly fractured swrfaces in the same rock.

34
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The structures zost appropriately likemed to molar tooth markings
consist of series of sigmoid ridges with ocutlines irregular in detail.
Bach ridge rises a tenth of an inch or more above the background of the
weathered joint face. Other structures are sufficlently unsystemstic in
shape or arrangsment so that the resemblance to molar tooth markings is
lost, although other characteristics are much the ssme. Both of these
warietiss may cover the entire side of & wide joint face or may de
lindted to & small area within that surface without apperent system in
form or arrangement. Some structures are fairly straight, subperallel
ridges, either nearly normal to or at some moderately high angle to
the bedding, reminiscent of cleavage fractures. Soxe are assenmblsges
of subparallel closely spaced short ridges that locok like the edges of
flsttish cleaveage fragments. These give the rock the appearance of a
breecia. Many of them are areally asscciated with stromatolites. Some
structures consist of mmnercus short, subrounded ridges, commonly with
haphszard distribvution. Others are identical except that they are
depressions sunk in the weathered joint surface instead of ridges
rising above 1t. In both these varieties individual ridges or
depressions tend {0 have shapes that rewind one of cuneiform writing.
In still ancther variety the raised areas are oval, giving somevhat
the appesarsnce of an oolitic lirmestone in vhich the colites ere rather
sparsely and irregularly distributed and of more than cxrdinary size.
These oval bodies range up to over half sn inch in maximm dlameter.
They 4o not have, so far as 1s known, the internal characteristics of
oolites. A number of the carbtonate-rich rocks in the Belt series are
oclitic but the oolites are individually too szall to be readily visidble
without the aid of the microscope.

-
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Structures that arise from irregular mingling of aggregates of
different carbonates are locally striking, especially in the Helena
limestone near Helens. In these, dolomitic rock weathers in varicus
gshades of yellowigh snd grayish ormnge and that in vhich calcite
predominates is gray. Dark, nearly black, nodules snd layers of chert
locally add to the variety. The result is a mottled rock of distinctive
appesrance. mmmmz:mz&pm«mmmaude
range of stratigraphic positions includes material somewhat similarly
mottled bdut in no locality familiar to the writer is such material as
distinetively developed or as widespresd as in the Helena limestone close
to its type locality.
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The igneous textures and, commonly, the conspicuous pillar structures
render the lave essily distinguishable from the rest of the Belt series.
Therefore such rock 1s valuable as & local horizon marker. In and close
toc Glacieér Sational Park it i1s called Purcell basalt and occurs in the
Missoula group, mostly low in that group. However, as noted oam p. 121,
lava may not de confined to this position throughout the Belt series.
In addition to the possibility thus afforded for error in stratigraphic
carrelation, confusion might arise between lava flows and intrusive
sills. The sills commonly show transgressive relations and may be
essoclated with obvicusly crosscutting dikes. Further, sills that
et carbonate rocks commonly have conspicuous borders of light-colored
marmarized limestons both above and below.
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Palecntologic Criteria
by Richsrd Rezak

Strometolites are of cuatstanding interest among the structures of -
the xocks of the Delt series. Like the molar-tooth structures described
above these are particulsrly adundent in the carbonate-rich rocks
although they are by no means limited to thewe fmcies. The
broken surfaces because of the greater differecce in ccmposition from
coe layer to the pext. On weathered surfaces the lamines ere often
stehed luto strong reilef, The stromataliies of the belt series,
especially those in sod near Glacder Rational Park, have recently been
studled and described by the writer (Rezsk, 1957). This peper contains
& cleasification with descriptions of the datinetive foms. The work
demomstrates that stromatolites with dlstinctive characteristics are
widespresd in the Belt series. Where adequately mopped, they will
prove of valus for correlation within & given syes and as a means of

subdividing parts of the Beli series not susceptibile of satisfactory
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subdivision on other bases. At present, stromatolite zones have been
used for such purpcses only in the Glscier National Perk regicn. Even
there, lixnitations of time and base maps have prevented full use of
these aids to stratigraphic study. Future work is expected to increase
the number of subdivisions in that region that can be mapped on the
basis of stromatolite zones and to disclose zones that can be used
similarly in other aress. Cozmperisons between stromatolite zomes in
widely separated aress have little or no stratigrsphic significance.
mmﬁ*mmmmmmwhmmmmefmm
basin of sedimentation. However, some zones in one area may interfinger
with zones of an adjacent ares and dy gradually working out thedir
relaticnships over the entire basin long range correlations will bde

materially assisted.
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Right stromatolite zonmes useful for local correlation are recognized
in the Glacier Hatiocnal Park region. These zones have been described in
detail (Rezak, 1957, p. 135-140). The zones range throughout the formations
of the series that are represented there, being absent only in the
Appekunny argillite. They vary in thickness, composition, and areal extent.
Some are widespread and extend into neighboring regions, while others occur
only in restricted areas. Only two of the zones have been mapped. Visits
to other localities in northwestern Montana and northern Idaho resulted
in finding stromatolites at each locality, and give basis for the
expectation that the Belt series in these areas is susceptible of
subdivision on the basis of stromatolite zones.

Stromatolites are significant from other standpoints than that of
stratigraphic correlation. They give clues as to the mode of origin
of the sexries, and of Precambrian rocks in other regions. The author
(Rezak, 1957, p. 141-149) has discussed the environmental implications
of strometolites in some detall. It may be remarked here, however, that
the stromatolites serve to show that the beds containing them were laid
down in shallow water, possibly on merginal mud flats that were
periodically wet and dried. They alszo tend to support the concept of
sarine rather than lacustrine origin of the Belt series, as the
strometolites more nearly resemble present merine forms than those of
lacustrine habitat (Reszak, 1957, p. 149, Ross and Rezsk, 1958, in press).
The Belt algee may have formed under conditions approximeting those of

the Baharsa Banks or some of the coral reefs in the southern Pacific Ocean.

40
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The term stromstolite (Kalkoweki, 1908, p. 68) has been generally
actepted to designate laminated structures such &s those that occur in
the Belt series. These structures are dsveloped through the growth of
mats consisting of unicellular green and blue-green algae. Stromatolites
are distinguished from fossil algae because they do not exhibit
microstructures of a8 kind that would enable determination of the true
biologic relationship of the organisms that contributed to the growth
of the fossil. Consequently, classification of stromatolites
necessarily involves the use of a purely artificial classification
besed upon "form genera” and “species”, not true biologic entities.

In the Coeur d'Alens mining region, Idaho stromatolites cecur in
the Prichard and Burke formations. To date the only recognized gemus
in this ares is Newlandia Walcott. Several good exposures of these
structures in the Prichard formation occur along the esst side of Little
Pine Creek valley sbout two miles southeast of Pinehurst, Idsho. fiile
2SRISSNR The structures are sparingly scattered throughout
a 15-foot~thick zone of greenish-gray argillite beds, dut are especlally
abundant in & 2-foot thick argillite bed that can be traced for 250
feet along the strike. This horizon is about 600 feet stratigraphically
below the contact of the Prichard formstion with the overlying Burke
formation.

41
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Another occurrence of the genmus has been observed near the middie
of the Burke fomation in an cuterop ont a rocky spuxr east of the
elementary school bouse in Kingston, Idaho. The bed contalning the
structures is a buff, fine-gralned, slightly sericitic quartzite. The
exact stratigraphic position is not known becsuse of faulting in the
vicinity and the lack of an index borizon. This occurrence is probably
1,500 to 2,000 feet strutigraphically above that in the Prichexd
formation.

Nesxr Troy end Libby, Montana, stromatolites cccur in the Wallace
and Striped Peak formmations. The Wallace formation containg an
abundance of Collenla symmetrica Fenton and Penton. The following

section shows the typical relastionships of the stromstolites in this
formation.

85
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Section messured one-hsalf nﬁ.le north of Troy Ranger Station, cn
northeast side of rosd along northeast side of Kootenai River, T. 32 X.,
R. 3b W., SW1/h sec. 36.
feet inches
Pale orange and gray, fine grained, calcareous
sandstone h & o

Pale red stromatolitic limestone (Collenia

sysmetrica) 3 °
Light-gray, fine-grained, calcareous sandstone;

weathers to dark yellowvish-orange -2 8
Pale red, stromatolitic limestone (Collenia

symoetrica) 3 0
Fale brown, {insly laminated, calcareous argillite;

massive but breaks into thin slabs 2 ]

Yellowish-gray, calcarecus ssndstone with thin

black bands- 2 6
Dusky red purple, very fine grained, thinly
bedded dolomite; weathers rusty brown 2 o

Stromatolitic linmestone, matrix moderate red

and laminae black; species indeterminate 0 6

Pinkish-gray, calcareous colite; bed contains

pebbles of colitic rock up to 2 inches long

and 3/h inch thick---e-mem-mmmmeeeee 1 6

Red, very fine grained, calcareous sandstone

with laminations at base of unit - 15 o]
Totdl - 38 2
AN
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Another exposure of Collenia beds worthy of mention occurs beneath
the south abutment of the suspension dridge across Kootenail River Just
west of Kootenal Falls pienic ground, sec. 36, T. 31 N., R. 33 W. Here
from 10 to 20 feet of greenish-gray stromatolitic limestone occur in
the Wallace formation. These stromatolites are quite similar to

Collenia symmetrica and attain maxismum dismeters up toc 10 feet.
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The writer has not observed stromstolites in the Striped Peak
formetion. However, C. E. Erdmenn menticns (written commmication)
stromatolites in usocmi‘on with colitic limestone and gray, sandy
lixestone about 200 feet above the base of the Striped Peak formation
on the south slope of Mount Berray above Windquist's prospect, at an
elevation of sbout 4,500 feet, T. 27 K., R. 33 W. unsurveyed. Another
of Erdmann's localities is in the Trout Creek quadrangle. Here
strometolites occur associated with colitic limestone and pink shaly
limestone about 1,000 feet above the base of the Striped Peak on the
ridge east of East Fork Elk Creek, 2 miles south of Delravik's ranch,
T. 2 H., R. 33 W. mswrveyed.

The Helena limestone near Helena, Montana, contains stromatolites.

Gigantic specimens of Collenia symeetrica may be observed on a hill

0.7 mile from the west end of the Mount Helens Scenic Drive, SEl/h,

sec. 26, T. 10 ., R. b W, Stromatolites are

found on the top and both flanks of the hill but the best exposures
are found high on the west flank.

South of Helena, near Radersburg, Montana, the Greyson shale and
Spokane formation both contain sbundant stromatolites. In the Devil's
FPence Quadrangle, MW cor., NW1/WRE1l/k sec. 22, T. 4 N., R. 2 W., the
Greyson shale contains limestone beds similar to Collenia multiflabella

of the Glacier National Park area. These beds occur about §00 feet below

the contact of the Greyson with the overlying Spokane shales Wil



The Spokane shale contains stromatolite beds akout 200 feet sbove
its bese. On the Ida Mine Quadrangle, SE1/4SEl/hk sec. 23, T. & K., R. 2 W.,

ssveral limestone beds crop out in gulches and ridges. These contain

Collenia symmetrics and Cryptozoon occidentale. ey

Farther scuth, in the Horseshoe Hills area near lLogan, Mont.,

Peter Verrall reports (p. 2&-25)—/ the existence of a basal stromstolite

_/ Verrall, Peter, 1955, Geology of the Horseshoe Hills ares, Montana:
Doctoral disgertation series publication no. 13,737, Princeton University,

Microfilms, Ann Arbor, Michigan.

unit in what he regards as the Newland limestone. He identifies the

stromatolites as Collenia symmetrica and using these fossils correlates

the basal Newland wvith the basal Siyeh of Glacier National Park, some
200 miles to the porth. EBarlier in this section it has been indicated
that long-range correlations on the tasis of stromstolites is hazardous.
Considering the rapidity of facies changes in the Belt series, Verrail's
correlation 1s quite vulnerable.

C. D. Walcott (1914b) and C. L. and M. A. Fenton (1937b) have
descridbed the occurrence of stromatolites in the Belt series of
northwestern Montana. These papers are readily available and the
occurrences will not be reviewed at this time.

Fossils other than stromatolites have been reported from the Belt
series, mainly by Walcott (1899, 1914, 1915) and Fenton an&?enton
(1931, 1933a, 1936, 1937b). These fossils include bacteria., algae,
crustaceans, brachiopods, and indirect evidences of life such as
burrows and trails. 46
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The eerliest report of the presence of fossil bacteris in the
Belt series was by Walcott (1915, p. 256). He descrided snd
illustrated specimens of Micrococcus sp. from the Gallatin formation
(of Keyes) on the north side East Gallatin River, 5 miles east of
Logan, Gallatin County, Mont. The writer has atiempted without success
tc locate the slides from which Walcott described his material. The
discovery of structurally preserved plants in the Precambrisn Gunflint
formation of the Canadisn Shield (Tyler and Barghoorn, 1954, p. £06) seems
t0 corroborate <the presence of these primitive organisms in ancient
sedimentary rocks. It seems improbable, howvever, that such fossils wouwld
e preserved for any great length of time in limestones. Black cherts
appear most favorsble for the preservation of these foseils. Unfortunately,
the Belt series contains very little chert. One of the few places in which
chert bdeds may be observed is on the ridge between Dry Gulch and Deep
Creek, SE1/k, sec. 35, T. 1b N., R. 21 W., Missouls, Montans-Idsho
quadrangle. Here several stromatolite beds in the Wallace formation
are composed of alternstions of light-éray and black chert. Specimens
of the bdblack chert have been macerated in hydrofluoric acid and the
residues examined under magnifications up %o 1,200 times. The residues
sppear to be an organic hash too poorly preserved to permit positive
identification of its components. Further searching for dblack cherts
wvill undoubtedly turn up well-preserved fossils.



C. L. and M. A. Fenton (1933b, p. 190) have reported the discovery
of cboloid brachiopods in the Nevland limestone. In a later peper
(Fenton and Fenton, 1936, p. 615) they described a new species:

Lingulella montana from the middle and upper Newland in cliffs along

Little Birch Creek, NWl/h, sec. 15, T. 9, R. 5, Meagher County, Montana.
Examination of the types glves no reason to doublt that the fossils are
brachiopods. The area in vhich the fcaslls are found is cut by mmercus
faults which the Fentons {1936, p. 610) state are of small throw or follow
bedding planes, and do not introduce Cambrian into the sequence. However,
the messured sections included in the paper show that the brachiopods are
found 27 to 30 feet above beds containing Walcott's Precambrian flora.
Unit 2 of their Section A (1936, p. 611) and unit 8 of their Section B
could well represent faults that might have resulted in the displacement
of Cambrisn strata to rest directly on the upper Hewland. The inclusion

of later rocks with the Belt series is not peculiar to this area. See

Yage277a in connection with the work of Willis NHelson near Missoula, Montana.

Fossil crustaceans have been described by Walcott (1899, p. 238)
from the Oreyson shales, in Deep Creek canyon, near Glenwood, and Sawmill
canyon, b miles above Neihart, Mont. He proposed the name Beltina for
carbonaceous filmns that he supposed to be fragments of Merostomata.
David White (1929, p. 393) and the Fentons (1936, p. 616) conclude
that these are partly inorganic gnd pertly the remains of the soft
fronds of brown algas.,
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Clyde P. Ross, whils examining thin sections cut from specimens
of the Altyn limestone collected near Appekunny Falls in Glacier
National Park, discovered a structure that has been tentatively
identified by J. Harlan Johnson as crgsnic although he is not sure
what it represents. WiGMMMPMRE Johnson adds (oral commmication)
that if found in lower Paleozoic limestone, he would not hesitate to say
that 1t belonged to & trilcbite or chitinous brachiopod.

Occasionally traces resembling fossil turrows eud trails are
found in the Belt series. These have been described in some detail
by C. D. Walcott (1899, p. 236) and the Fentons (1937b, p. 1950).
The structures sre stiributed to the work of annelids, molluscs, and
crustaceans.
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Lithologic descriptions
Prichard formation
Distribution.~-~The Prichard formastion {(or slate) is rather widely

exposed in Shoshone Cownty, Idaho, especially south of the St. Joe River
(Unpleby and Jones, 1923, pl. 1) and extends intc Clesrwater County
(Anderson, 1930b, p. 10) ss vell as northvard into Bowndary County
(Kirxhem end Ellis, 1926, p. 15-16, 20-27). In Montana the Prichard
formation 1s widespresd from the porthwest cornmer of the state southward
almost as far as Superior. Small exposures referred to it with different
degrees of certainty are found at intervalsfmmmriola?asataarw
southwest of Anaconda.
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Character.--Renscwe and Calkins (1908, p. 29-32) say that in the

Cosur d'Alene ares the thickness exceeds 8,000 feet. All except the
uppermost part consists of dark-blne-gray argillite with shaly pertings
and imperfect slaty clesvege interbedded with considerable indurated
sandstone. The rock 18 reddish brown on westhered surfaces, mainiy as
a result of weathering of iron sulfides. Part of the sandstone is
quartzitic and part greades into the argillite. The upper few hundred
feet of the formstion is more sandy and, nesr the top, greenish-gray
siliceous shale, like that in the Burke formation, appears. In these
upper few hundred feet ripple marks and sun cracks becoms conspicuous,
with rain pits, intraformational conglomerate and "pseudoconglomerate”.
The last named is accounted for by Calkins as formed on a gloping shore
by wvaves rolling up masses of water-scaked sand which became flattened
by their own weight.

Under the micyoscope Calking found that the rocks consist of
sngular to subangular detrital grains of quartzs and feldspar with some
mscovite of probabls detrital origin in an sbundant cement. The cement
consists largely of sericite and quartz mingled with minute Qpeque
particles, probebly carbonacecus. Minor constituents, in part of
hydrothermal origin, include leucoxene, rutile, zircon, and such
minerals as tourmaline, siderite, pyrite, magnetite, biotite, and
chlorite.



A more generslized description (Umpleby snd Jones, 1323, p. 7)
states that the formation consists of blue shale and slate with some
gray sandstone and quartzite at least 8,000 feet thick. A massive
quartzite middle member is 200 feet thick near Pine Creek, south of
Kellogg, and & unit presumed to be the sare member is 1,500 feet thick
in the scuthern part of Shoshone County.

The Prichard (there termed "Prichard-Aldridge”) formation in Boundary
County, Iisho, is notsbly different from the type saction in the Coeur
d'Alene area (Kirkham, and Ellis, 1926, p. 15-16, 20-27). The thickness
exceeds 10,000 feet, with the base not exposed. The formation consists
of pure, light-gray quartzite, argillaceocus quartzite snd argillitas.

The argillacecus rocks are gray to black. Argillite is subordinate to
quartzitic rocks, the reverse of the relationship in most other localities.
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Specimens collected by Warren Hobbs from the Prichard formstion end
its transitional zone with the Burke in esstern Shoshone County comsist of
laminated sargillite containing quartz and vhite mica with some biotite,
homum,témnm,mepmote. The quartz grains range up to 0.06
zmillimeter in diameter and some of the amphibole metacrysts are 0.3
millimeter long. Those rocks are more metamorphosed than most of the
Belt series in Montans.

Another description (Shenon and McConnel, 1939, p. 3) gives the
maximum thickness as over 12,000 feet, with the base not exposed, and says
the formation consists principelly of dark-gray to almost black laminated
argillite, commonly with slaty cleavage. According to this deseription
the formation coutains at least 2 well-defined quartzitic zones, 1 near
the top and the cther sbout 10,000 feet lower.

In northern Bonner County (Auderson, 1930s, p. lh-15) the formation
is more sandy than in muech of Shoshone County. It consists of gray
argilliacecus émrt:itic sandstone with interbedded shale and minor lenses
of intraformational conglomerate. The thickness is in excess of 20,000
feet, of which only the upper 1,500 feet resemble the typical slate of
the Prichard in the Coeur d'Alene region.

] w
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In Kootena!l acd Benewsh Counties, Idsho, (Campbell, 1950, p. 7-§)

oaly & spall part of the formation is exposed. This is chiefly dark-gray
+0 black srgillite with some axrgillacecus sandstone and quartszite,
particulsrly nesr the top. The argillits is thinly laminsted, with varicus
shades of gray snd dblack. In places the roek is reported to have a
distinctly verved appeerance. Slaty foliation is especislly prominent
low in the sequence. Mud cracks and ripple marks have been noted.

In Minersl County, Mont., (Wallace and Hosterman, 1956, p. 578-579,
Campbell, in prep. 1958) the Prichard formation includes fine-grained,
nedium-gray and greenish-gray quartzite and silicecus argillite in beds
2 inches to 2 feet thick. The rock here is similar to that in the
Coeur d'Alene region, Idaho, except that it is more uniformly sillcecus,
with fewer argillite beds. Along the Clark Fork below its junction with
the Flathead River, in Samumders County, the Prichard is exposed essentially
continucusly and appears to be 17,000 feet thick, with the top cut off
by a fault. The possibility of duplication by faulting within this thick
section remains, but is supported dy no evidence nov at hand. Further,
as in all other aress, the base of the Prichard is not exposed. In this
locality the Prichard formation consists mostly of fine-grained gquartzite
and siliceous argillite. Mcolorammdimgraymdgrmishm.

Some of the argillite has proncunced cleavege parsllel to the dedding.
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Tweto, {p. 12-13, op. cit., p. ﬁs)wofmxmméricm
formation a mile north of Camas Hot Springs, Senders County, Mont., as
quartz-sericite phyllite or gquartzitic argillite. It is steel gray and
weathers drab or green, and consists of quartz, sericite, and bhiotite with
minor amounts of graphite, tourmaline, epldote, grossularite, chlorite,
titanite, and muscovite. Campbell (1958, in prep.) noted most of these
and, in addition, some feldspar and pyrite.

The Prichard in the Lidby quadrangle (Gibson, 1948, p. 10-11) consists
mostly of dark-gray to blue-gray, sandy, laminated argillite, interbedded
with some light-colored sandstone and quartzite and & little thin-bedded
shale. Scme beds contain carbonste, possibly ferrugincus. Sun cracks
and ripple marks are sparingly present. Sandy beds that were studied
petrographically were found by Gibson to de camposed of quartz and
sericite, mainly 0.0L to 0.03 millimeter in diameter. Some chlorite and
& little detrital zireon, tourmsline, apatite, and rutile are also
present. The formation is s0 deformed as to be difficuli to messure but
at one place a minimm of 9,700 feet is exposed, with the bese hidden.
Presumably the rock in the Libdby quadrangle is representstive of most of
the formation in western Montana. Most other aress there are known only
on & reconnaissance basis.

SH]



East of Lolo Pass the Prichard is reported (Langtom, 1935, p. 36) to
be predominsntly brownish sandstone, containing feldspsr, mostly highly
metamorphosed to biotite-muscovite schist. Still farther southeast
(Calking and Emmons, 1915, p. 3-4) the formation consista of micaceous
Mmm,MmmMMa,mmabmm
weathered surfaces. These metamorphic rocks were derived from clay shale
vith some sandy layers, now represented by quartzite. The least
nmetamorphosed of the ergillaceous rocks is reported to be laminsted and
t0 resemble the slste of the Prichard formation in Shoshone County, Idsho.
The exposed thickness in this pert of Montana has been estimeted st sbout
5,000 feet.

Calkine and Emmons distinguished s unit compogsed of white to gray

quartsite vith micaceous partings and, in the upper part, lsyers of mica
schist, about 1,000 feet thick, with the base not exposed. They called

.1t Heibhart quartzite. Outcrops of the wnit are small and relations to

other rocks not cleer. 5o many uncertainties are involved that such a
correlation seems unwarranted at the present time. Neihart, the only other
locality vhere the name has been used, is nearly 140 miles away. Possibly
part of the quartzite they regarded as Neihart is interbedded with the
argillacecus rocks supposed to belong to the Prichard formaticn. Even
the correlation of the argillaceous rocks with the Prichard is far from
proven as the cutcrops are small, metamorphosed and far from the type
locality of that formstion in Idaho.
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Coviously the various descriptions just summarized indicate
significant differences in character and thickness vithin rocks
assigned to the Prichard. Some of the differences are in aress close
10 each other. It s0 happens thet the formation crops ocut in so many
mining districts that rather more is known sbout it than sbout some
athcrneltméka. Iatersl variations sas marked snd frequent as those
indicated for the Prichard formstion may exist in less well known aress
that contalin lster parts of the Belt series.



)

!

R
[

L)

Neihart quartzite

The Neihart quartzite is definitely kmowa only in a small area
close to Nelhart in the scuthesst corner of Cascade County, Mont.

At present the use of the name should be confined to this area, there

being no means of equating the quartzite at Neihart with others. The

quartzite rests in depositional contact on cosrse granitoid gneiss, the
only place in Montana or Idsho where such a relationship is unequivocal.
In the few other localities where rocks of the Belt series are close to
older rocks faults are knowm or suspected.

The Feihart quartzite is described (Weed, 1500, p. 261-282) as
gquartzite that grades into sandstone, largely massive, but with distinct
bedding locally. The color is "creamy white to gray or pink”. Quartz
pebdles, in part in thin lenses, occur but well-defined conglomerate beds
have not been found. The basal 300 feet of the formetion is a compect,
wniform body of white and pink quartzite, forming conspicuous escarpments.
mhighuﬁcumﬁimmdﬂthMMEica. Still higher
in the sequence micaceous shale is interbedded with the quartzite,
increasing upwvard to a gradationsl contact with the overlying Cherberlain
shale. The shale in the upper part of the Neaihart is reported to be
blackened by carbonacecus matter. The total thickness is 70O feet.

oy
(9-0)



Specimens collected from the same general locality by Richerd
Rezak include light, faintly greenish-gray and coerser, pinkish-gray
quartzite copsisting meinly of quarts, in part in well-rounded grains,
in part in a tightly pscked mosaic of grains that have been crushed and
recrystallized. Crain diameters range from 0.01 to 0.50 millimeter, the
largest being uncrushed, rounded detrital materisl. The quartz is
surrounded by thin filos of micsceous minerals, in part sericite, in part
prodably clay. There are also & few grains now corposed of similar
aggregates of micaceous habit that may be altered feldspar. A little
chlorite, blotite, epidote, apatite and towrmaline are present.
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Ravalli group
Foreword
In most places in Montana the Ravalll group is undivided or is

gplit into the Appekunny below and the Crinnell at the top. In Glacier
Naticnal Park the Altyn limestone is the lowest exposed unit of the Belt
series. It is provisionally included in the Ravalli group but could be
alder than any of the units referred to that group elsewhere. Similarly
the Chamberlain shale, near FReibart, is at present asssigned to the
Ravalli group, but may be older. In Idaho and in adjacent parts of
Montana the Burke, Revett, and St. Regls formations, in ascending order,
are sasigned to the Ravalll group. Each of the formations nsmed above
is described delow, roughly in order from west to east. There are wide

areas in western Montana where the Ravelli group has been so little studied

that its components have not been distinguished and only the most general
statements a3 o the group have been published (Walcott, 1506, p. 7-9,
Calkins, 1909, p. 37-38, Clapp, 1932, p-. 22).



Burke formation
Distridution.-~-The Burke formetion is widely distributed in

Shoshcne County, Idsho, especially nesr Burke snd from there into
Mootana (Umpleby and Jones, 1923, pl. 1). It is alao present in
adjacent areas in Idaho (Ssmpson, 1928, p. 6-7, Anderson, 1930s,

p. 15-15, 1540, p. 11}). It, or &t lesst a unit that resembles it, is
reported to be abundant in Boundary County (Kirkham and Ellis, 1926,
p. 18). While rocks equivalent to the Burke formstion are present

in western Montans, only scattered information is availsble HENNEE
(Ci{bson, 1548, p. 9-12, Wallace and Hosterman, 1955, p. 588, Campbell,
in rep. 1958).
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Charscter.-~The rocks of the Burke formetion in the Coeur d'Alene
region, Idaho, range from neerly pure quartzite to silicecus shale
(Rensome and Calkins, 1908, p. 32-34} and the upper and lower parts
approach the Revett and Prichard respectively in lithologle character.
The upper boundary, particularly, is gradational and indefinite. Many
of the rocks are pale greenish gray; some light purplish. A few deds
have brighter green and purple tints. Some of the quertzite is vhite.
Sun cracks and ripple narks are seen in slmost every outcrocp. The rocks
differ from those of the Prichard chiefly in containing less carbonaceous
dust. The coarse thick beds in the formstion contain "rather angular
grains of quartz snd feldspar and flakes of presumably clastic mica in
an sbundant sericitic paste”. Much of the quartxz and sericite is secondary.
A few beds are calcarecus.

Specimens from eestern Shoghone County furnished by Werren Hobbs
represent finely laminated rocks consisting of quartz, micaceous
minersls and some plagioclase. Chlorite is in large flakes. The

quartz is in an intricate, recrystallized mosaic of grains that range
in diameter from less than 0.0l mililimeter to 0.30 millimeter.



In Kootenai and Benewsh Counties, Idaho, (Campbell, 1950, p. &10)-/

_/ Campbell, A. B., 1550, Geology of the Fernwood 2 northeast
quadrangle, Shoshone, XKootenei, and Benewah Counties, Idaho: U. S. Ceol.

Survey unpub. report.

extensive faulting, plus poor exposures hinder stratigraphic studies.
About 75 to 85 percent of the formation is quartzite of varicus degrees

of purity, mostly sericitic. Most beds are from 2 inches to a foot thick,
vith a few as muich ag 3 feet thick. Extremely thin, widely spaced
laminations within the beds are common. Most of the quartzite is gray

to light tan, with purple tints locally and, in the more sericitic beds,
green casts. Many beds have numerous brown spots resulting from weathering
of small groups of sericite crystals. Thin-bedded gray-to-green

silicecus argillite is scattiered throughout the formstion, especially

in the lower part.

Bershey (1912, p. 750) used a central purplish-gray bed as a dasis
of subdivision into two members near Wardner. The thickness of the
formation varies somewhat from place to place but approximates 2,000
feet. Possibly the thickness increases west of the Coewr d'Alene
region as a recent report on an area in Kootenal and Benewah Counties,
Idaho, (Campbell, 1950, p. 8-9, op. cit. p. 207) notes that the thickness
there "does not exceed 3,000 feet". In western Montans the Burke and
Revett formations have been mapped as a unit. Kear the Idsho border the
two together total st least 3,000 feet (Wallsce and Hosterman, 19553,

P+ 560-581) and somewhat farther east (Cempbell, in prep. 1958) the
estimate is 4,500 feet.
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In Mineral County, Montans, a major fault zome passes south of
the S5t. Regis River and the two formations together appesr to be
different on the two sides of the zone (Wallace and Hosterman, 1956,
Pe 580-581). South of the fault zone they consist of fine-grained
greenish gray quartzite with beds commonly 1 to 4 feet thick. White,
vitreous quartzite, such as characterizes the Revett farther west in
Idaho, is rare. Further, as the purplish-gray color characteristic of
the St. Regis formation in Idaho is absent, there is difficulty in
fixing the upper limit of the Revett. FNorth of the fault zone
light-colored, thick-bedded, vitreous quartzite such as 1s typical
wtﬁmnmmmmcmm. Likevise greenish-gray
thin-bedded impure quartzite similar to that which characterizes the
Burke in Idaho was noted. The deformation 18 so intricete that mitusl
relationships and thicknesses were not satisfactorily determined.



Campbell descrides the Burke and Revett formstions together in the
8t. Regis-Superics area. They vary from fine-grained, argillaceocus
quartzite near the lowver contact to purer quartzite above. The rocks
are commonly medium to light gray or greenish, the more quartzitic deds
being lighter colored, locally with purple tints. Msay bedding planes
are lined with gericite. Ripple marks and muds cracks are common.
Some of the quartzite iz crossbedded.



Revett quartzite

The Revett quartzite (Ransome and Calkins, 1908, p. 35-36) is bvest
known in the Coeur d'Alene region in Shoshone County, Idsho, although its
equivalents undoubtedly extend beyond that region. Most of it is a pure,
rather thick-bedded, white quartsite, although impure, sericitic beds are
inclnded. Ripple marks are reported only in the upper and lower parts
of the formation. The thickness is approximately 1,000 feet vhere
messured by Ranscwe end Cslking dut locally exceeds 3,400 feet (Shemon
and McConnel, 1939, p. 4). Recent work in the Coeur d'Alene region
{Bobbs, Warren, written commmication, March 28, 1955) indicates that
spparent dlscrepancies in thickness measurements from place to place
are dne to marked variations in the thickness of the formation within
short distances. As an exsmple he cites & measurement of 1,800 feet for
the Reveti at one place and of 3,400 feet for the same unit less than S
ziles away.

In the purer quartzite, distinctive of the formmtion, the clastic
grains are subangular to rounded, except for secondary quartz overgrowths.
While quartz is the principal constituent, a little feldspar and
mﬁu,qwu@mmm,mwm.i
Pragments of seemingly detrital szlate are also comuon. Accessory
constituents include zircon, magnetite, rutils and tourmsline.
Secondary siderite is loeally present. The quartzite in Mineral
County, Montana, believed to correspond to the Revett, has been grouped
with the Burke quartzite m recent studies and available data on it ere
sumarized in the desceription of the Burke given above.

€6
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In Xootenai and Benewah Counties, ldaho, the Beveti is composed of
nedimm- to thick-bedded, white-to-tan vitreous gquartzite. The more
sericitic beds show fine black laminations. Scme of the sericitic
beds are greenish. A few quartzite beds have small groups of carbonste
grains scattered through them. Argillaceous meterial occurs as partings
and thin beds but is novhere abundant. Ripple marks are present in the
sericitic beds but are rare in the massive, vitrecus quartzite. The
thickness is 1,800 feet at s place where a messurement wvas made but
apperently thickens westward as Anderson (1940, p. 12) reports up to
3,000 feet in the scuthern part of Kootenai County.



St. Regls formation

Exposures of the St. Regis formation are widely distributed in Shoshone
County, Idsho, snd probably extend into Boundary County and into neighboring
paxrts of Montans. The formation consists of argillaceous and quartizitic beds
vith some limy quartzits throughout (Shemon and McConnel, 1939, p. b). Most
of the formation as reported by Shenon and MeConnel consists of thin, fine-graine:
beds in rather bright tints of green and purple, especially the latier. In
recent studies (Hobbs, Warren, written commmication, May 2, 1956) the color
of the St. Regis formation has teen found to be very subtle, really bright
colors being present locally only. The arenaceous beds are coarser textured
and thick. Many of these are purple Mut some are white. The limy beds
veather {0 an ochercus color. It has been sugpested that green colors
result from hydrothernal slteration (Shenom and McConnel, 1939, p. 4).
Obliterstion of the characteristic purple color through alterstion is a
possible source of misidentification during mapping (Campbell, 1950,

P- 12, op. cit. p. 207). Shallow-water features, including intraformetional
conglomerate, are present throughout the formation. The composition as seen
under the microscope is essentially like that of formations alresdy

described. The components include quartz, feldsper, perheps some fine-grained
slaty rock, mica, rutile, zircon, and towrmaline. The pux;ple ard green

colors result from speculsr hematite and chlorite respectively.

In the Coeur d'Alene region the St. Regis formation is ebout 1,000 to
1,500 feet thick (Shenon and McConnel, 1939, p. 4). Farther west, wvhere the
formation is otherwise similar except that purple is less prevalent, the
thickness is about 1,800 feet (Campbell, 1950, p. 12, op. eit. p. 207) and
in the north central psart of Kootenai County it has been estimated to be
about 4,000 feet (Anderson, 1940, p. 12).
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Near Mullan, Idaho, (Hobbs, Wallace, and Griggs, 1950, p. 2-5)
the St. Regis formstion has been divided into two members. The lower
mesber, 1,200 feet thick, is about 60 percent argillite, with subordinste
quartzite, 35 percenmt interlaminated quartzite, and argillite containing
nare then 25 but less than 75 percent quartzite, and the remaining 5

percent is quartzite with subordinate argillite. Carbonate is recognizable

in over 45 percent of the beds in the formation here. Most of it is

ankerites dbut locally the composition approaches that of siderite. It

rarely constitutes as much as 20 or 30 percent of the rock and is most
sbundsnt in the gquartzitic beds. The carbonate is commonly in discrete
erystals and clusters of corystals, generally many times larger than the
grains of the rest of the rock, but is alsoc found in the cement between
detrital grxins.

The upper member, 150 to 450 feet thick, is a zone of transition
between the St. Regis and Vallace formations. It consists of very
fins-grained, in part porcellsnecus, light apple-green, thinly
lsminated silicecus argillite. Rock of this character was formerly
grouped with the Wallace formation but is now regarded as more closely
allied with the St. Regls.

Near Pend Oreille Iake, Bonner County, the Revett and St. Regis
have been grouped together as the Blacktail formation (Sampson, 1928,
P. 7). The lover part of the Blacktail is mainly pink quartzite with
red shale partings and the upper part consists of alternating red and
green argiliite, with the red beds in the m.jor:l.ty'. The aggregate

thickness is 8,300 feet.

63



In Mineral County, Mont., (Wallace snd Hosterman, 1956, p. 14-18) the
beds of the St. Regis formation differ to the north and south of a major
fault zone, in a mener analogous to the Burke snd Revett formations
peviously descrided. Korthofthafmltmﬂ:e&b.kgis.hu
essentially the characteristics it bas nesar Mullan, Idaho. To the
south a marked facies change begins almost immediately east of the
state live. Purplish colors, which in most places are characteristic
of the St. Regis formstion, become uncommon. They are confined to
guartzitic beds, whereas thinly laminated greenish-gray argillite decomes
the doxinaent component of the formation. This argillite is simiiar to
that of the upper member in the Mullan area but far thicker. Five miles
esst of the state boundary the thickness of the argillite is about 3,000
feet, 3 miles farther east it is over 5,000 feet and 15 miles still
farther esst it is approximately 1,700 feet. Wallace and Hosterman say
that the facies difference might correspond to deposition near a shore in
Jaaho and offshore farther esst in Montana. They add that the thick
part of the St. Regis in Montana might include beds that are time
equivalents of parts of the Reveti delov and of the Wallace sbove,
as these formationa are mspped in Idaho.
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In the St. Regis-Superior area the formation is composed of
1,900-2,200 feet of thin-bedded quertsose argillite, with a few beds
of sericitic quartsite. South of the Osborn fwult the predominant coler
is greenish gray varying to dusty yellow green or medium light gray.
Forth of the fault greenish-gray and poplish-gray colors are present.
Purple rocks like those in the (oeur d'Aleme area are present in sec. 31,
T.18 N., R. 25 W.

!



.

)

[

e

4.__”1
-

Altyn limestone

The Altyn limestone is known within the United States only in
Glactler National Park (Ross, in press, 1958). Even here exposures
are not widespread and the base is not visible. Most of the formation
is & very light gray megnesian limestone or dolomite that weathers &
grayish orange, rendering it conspicuous on distant cliffs. Chemical
mmphm&utammihblemmgmtmmchofthe
formation is dolomitiec that it would be more appropriately called Altyn
dolomite rather than Altyn limestone. The latter name has, however,
been in general use for so long that no change is here proposed.

The light gray dolomitic rock that makes up the dulk of the
formetion is mostly in bdeds 1/2 to 4 feet thick. Scme is siliceocus
and sandy and & few beds of grit snd conglomerate, with a carbonste-rich
groundmess occur. Locally, especially near the top of the formation,
thin beds of green srgillite are intercalsted. Some of the carbonate-rich
beds weather brow and brownish red, rather than the light duff that
characterizes much of the unit.



Rock representative of the mejor part of the formation has a
groundmass of crystalline dolomite with grain diameters ranging frem
a few hundredths of a millimeter up to about 0.2 millimeter. Rounded
bodies, up to at least as much as 2 millimeters in maxirnm dimension, are
scattiered through this groundmass and locally concentrated in layers. Some
of these may be pebbles but the majority are probably oclites, even though
many have lost thedir internmal structure. Rounded to sudbangular clastic
grains, up to several millimeters in maximm diameter are also present.
Most of these consist of quartz but many are alkalic plagloclese and
some gre microclire S . Some of the grains appear to be bits of
& rather coarse-grained granite. Others are fine quartz aggregates that
may include silicified oolites. Some of the feldsper is seriecitized tut
mich is strikingly fresh. Small amounts of montmorillonite and illite
are present. Intraformational conglomerate (edgewise rmd breccia) occurs
loeslly. In some specimens (Tweto, 1937, p. 13, 1%, op. cit. p. 153)
carbonscecus dust is present. Otherwise his deseription aprroximates
that Jjust glven.

The Altyn limestone comtains strommfolites at several localities and
apparently et several horimons. None seex sufflciently persistent to be
of value in stmtisraphiq correlations., It also contains carbonaceous
£ilms that may be fossil remnants. One thin section (Ross, in press,
1958) shows a structure that resembles a plece of a spine of a trilobite
or of & chitinous brachiopod SSENS. This single fragment is
indeterminate but it does suggest that some living things in eddition
t0 those from vhich the stromatolites originated existed in Altyn +ime.
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The Fentons divide their Altyn formstion (Penton and Femton, 1937h,
P 1881-1885) into three members called, in ascending order, thémtm,
Hell Roaring, snd Carthew. The lowest of these, reported to be 280 feet
thick, is exposed only in Canada, where it has been regarded as a
separate formation underlying the Altyn, and with its base not exposed.
The Carthew member, 700-500 fest thick, is likewise known only in Canads.
Hence the Hell Roaring memder of the Fentons corresponds essentially to
the Altyn limestone as originally described (Willis, 1902, p. 316, 321).
Willis spoke of an upper member of argillacecus ferruginous limestone,
500 feet thick, and a lower menber of massive, sziliceous limestone with
conerwticns, S00 feet thick. Eiz total thickness is close to the
1,200-1,300 feet that the Fentons assign to their Hell Roaring member of
the Altyn dut is less than the total thickness of the formation within
Glacier National Park which has been estimated (Ross, in press, 1958)
st 2,000 to 2,300 feet.
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Appekunny formation
Distribution.--The Appekurny formation (or argillite) is best

known in and near Glacier Naticnal Park but can be traced with considerable
confidence southward past Flathesd Lake to Ravalli. It is also present
nexr Missoula (Leungtom, 1935, p. 36, fig. 3) and has been recognized as
far east as northeastern Powell County (Clapp and Deiss, 1931, chart
opposite p. 591, p. 693). Probtably s considersble part of the Eavalli
group in Montana west of 114° longitude belongs to the Appekunny formation.

Character.-~The original name given these rocks is Appekunny
argillite (Willis, 1502, p. 316, 322). However, some of the argillacecus
rocks contain considersble carbonate. Quartzite in varying degrees of
purity, snd, locally in Glacier National Park, some slste is included.
The diversity in lithologic character seems to justify changing the
mm.&fyekmyarg:mutoammm. A large part of the
formation contains more than 70 percemt silics and originated as a
ssndstone rather than s mudstone, so that argillite is an inappropriste
name for many, provably wost, of the beds. The somber colors of meny
outcrops give a deceptive impression of the proportion of argillaceocus
matter present. The descriptions here given are based mainly on data
sssembled by the writer and his coworkers in and pear Glacier National
Park.
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¥ost of the rocks are thick bedded, and weather in joint bloecks
with dimensions of one to seversl feet. Thin-bedded members occur
locally and in areas of marked deformation shovw slaty cleavage. Most
beds are gray to black with various tints of green and blue, few are
reddish. The comparstively pure quartzite beds are nearly vhite. Many
deds contain thin, indistinct laminse, some of which appear to have been
broken since the consolidation of the rock. Bipthks,mdcrsqks,
and intraformational conglomerate are common and rain end sleet
impressicns have been reported.

The principal minerals include quarts, feldsper, (mainly sodic
plagioclase), sericite, bleached biotite, chlorite and carbtonate, largely
magnesian. The more quartzitic beds have not been studied microscopically.
In msny of the others criginal, detrital rounded to subangulsr grsins
of quartz and feldspar are fairly common but msny rocks consist mainly
of quarty mosaics in which the original texture has been cbliterated.
Few graing exceed 0.1 millimeter in mexirmm dimension and in many beds
the grain asize is much less. The micaceous minerals and the carbonste
sre probably secondary. Part of the feldspar, alsc, appears to have been
recrystallized. noaeorthemcksappeartoeomimrathanahoutm
percent feldspar end in some it is rare or sbsent. Very small amounts of
montmorillonite are present and some of the rock contains illite. One
ssxple appears to contain ksolinite.




The Fentons (1937b, p. 1885, 1887), who saw the Appekumny in the
northern part of Glacier Naticnal Park and in Waterton Lakes Park across
the border in Canada, consider it to de mmde up of three members. The
lowest of these, the Singleshot, includes dolomite and dolomitic rocks
interbedded with argillite and quartzite. It is allied to and has
probably been incinded with the underlying Altyn limestone by zost
wrkers. The second and thickest of the Fentons' members is the Appistoki.
It corresponds in charscter acd thickness to the Appekunny as originally
defined (Willis, 1902, p. 322). The Fentons describe it as containing
gray, green, clive-browm apd rusty-gray argilliite in thin minor but
thick major beds, interbedded with thickly stratified greenish, white,
or pink quartzite. Intraformational conglomerate and other features of
memtimmm. ‘The thickness is 2,000 to 2,200
feet. The uppermost or Scenic Point member of the Fentons appears from
wwmmpmmormcrmn. Perhaps it should
be included with thet formation. They desceride it as argillite, sandstone,
and "gravelly conglomerste”; green, parplish, buff, brown and dull
brownish red at the type locality, which is in the southeastern part of
Glacier Rstionel Park. Presumebly the term "gravelly conglomerate” is
intended to indicate that intraformationsl conglomerate is not meent.
To the north and south the mewber is reported to grade into thickly
bedded, coarsely mud-cracked argillite, which gives way to thick
quartzite and subordinate gray and iron-stained argillite. The menber
1s 200 to 700 feet thick. The Fentons' subdivisicns of the Appekunny
formgtion cannrot be traced far enough to be valid as formally named units
(Ross, in press 1958).
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The Fentons estimate the Appekunny formation in "its eastern phases”
(1937b, p. 1885) as 2,500 to 5,300 feat thick. South of Glacier Bational

Park the thickness is surely as much as 2,000 feet and in the Swan Range

it may exceed 5,000, as estimated from mapping by the writer (Ross, in press,

1958). Clapp's {1932, p. 22) estimate of thickness is 3,500 to 10,000

feet but he cites no specific localities. Langton (1935, p. 36), presumsbly

for the area south of Misscula, speaks of the formation as predominantly
massive, bluish-gray and light-gray quartzite grading downward into
massive gray quartzite, the total thickness being over 5,000 feet.

The rock along Rock Creek southeast of Missoula bellieved to belong
to the Appekunny formation is an argillacecus quartzite. It is &
laminated rock predominantly medium gray on fresh surfaces, with some
Pinkish-gray laxinae. It contains some nearly black clay spalls and some
surfaces are ripple marked. This rock has s groundmass consisting
mainly of interlocking quartz grains up to about 0.06 millimeter in
diameter, with a few plagioclase grains and some others that may be
altered feldsper. Green biotite, chlorite, sericite and montmorillonite

are preseant and carbonate grains are locally segregated.
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Grinnell formation

The distribution of the Grinnell is much the same as that of the
Appekunny. It may not extend as far west as the Appekunny probably does
ut neither formetion has been much studied west of 114° longitude. Like
the Appekunny, the Grimnnell seems more satisfactorily described as a
formation than as an argillite. One of the samples anelyzed contains about
69 percent silica, less than is recorded for beds of the Appekunny
formation. On the other hand, one analyzed sample contains nearly cent,.
silica and some beds in the formation appeer distinctly more silicecus
than this. Carbonate rocks have not been recorded, except in the
transition zone at the top of the formation. If a single lithologic
term had to be used to describe the Crinnell formation, quartzite would
be as much or more accurate than argillitae.

Most of the formation is rather thin and even bedded, the characteristic
color is red purple, with more distinetly purplish hues than most of the
reddish beds in the Belt series. Greenish beds are locally common and
the purer quartzite beds are nearly vhite. The colors noted in and
south of Glacier Rational Park include pale and grayish blue green,
grayish purple and grayish red purple. South of Missoula the rocks
have purplish tints but are far less strikingly colored than in Glacier
National Park. Ripple marks, mud cracks, and intraformational
conglomerate are fairly plentiful. The surfsces of some quartzite beds
have bulboue forms of unknown origin. Thin laminae of reddish argiliite
are interleaved with quartzite. Some of these were broken soon after

deposition and slabs from them are incorporated in the guartzite

In some of the argillacecus rocks alsc similar evidence of disturbance

while unconsolidated is observable in thin section.
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Microscopic exsmination 4P indicates that most of the Grimnell

formation originally ranged from a siliceous mudstone to an arkosic
sandstone. In the more argillacecus rocks individual grains are only
a few hundredths of a millimeter in dlameter but in the coarser layers
the grain diameter ranges from 0.4 millimeter to over a millimeter.
loeally large grains are irregularly scattered through a fine matrix.
The argillacecus rocks now consist largely of quartz and fine-grained
mica, with some feldsper and, locally, carbonate. Montmorillonite is
common and some rocks contain illite. The coarser rocks are similar
except that micaceous minerals are less abundant. Feldspar, largely
alkalic plagicclase, 1s pore conspicucus in these rocks but some of it
may have escaped recognition in the finer rocks. Some grains are
themselves fragments of fine-grained sedimentary rocks and sore of the

quartz grains had strain-shadows before they were incorporated in the

rock. Original textures seem better preserved in the Grinnell formation

than in the Appekunny formation but this impression may be based in part

on the coarser grain of the rocks of the Grinnell that were examined

petrographically.



locally the Grinnell formation might be divided into members dut it
is doubtful if these could be traced far. In the northern Svan Range three
poorly defined mexbers have been noted. The lowest and thickest of these
is dominantly pale and grayish-red-purple argillite. In the next member
above the red-purple beds decresse upvards and much of the rock is
quartzitic argillite and argillacecus quartzite, with thin argillite
partings, generally rather dark red purple. Some partings more nearly
resemble parts of the argillite of the Missoula group and of the
purple-red argillite in the Grinnell farther north then any of the
thicker beds in the Swan Range. The uppermost member commonly consists
of grayish-blue-green calcarecus sargillite and argillaceocus limestone,
constituting a transition zone below the Siyeh limestone of the Piegan
group., This member contains a few red-purple beds and the unit delow it
contains some green beds. HNevertheless, the distinction is sufficlently
definite so that the zone wvas mapped in the Swan Range vhereas the two
mexbers beneath it, mostly poorly exposed, were not mepped. Even the
transition zone is so poorly defined that it was not mapped farther
porth in Glacier National Park (Ross, in press, 1958). The presence
of limestone raises a question as to whether the transition zone should
not be regarded as part of the Piegan group, but the zone seems more
closely allied to the Grimnell formation and is included therevith

largely on the basis of content of argillacecus matter.
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The Fentons (1937b, p. 1887-1890) studied the Grinnell argillite
mainly in and north of northern Glacier National Park. They proposed
three menxbers that differ from those Just described. The lowest, which
they call the Rising Wolf member, contains white and pink quartzite
interbedded with red argillite in layers that range from mere laminase to
beda 5 feet thick. Some green beds are present. The member is reported
tc be 200 to TOO feet thick and not everyvhere clearly distinguishable.
The middle mezber is called the Red Cap member by the Fentons and is of
varied character. It consists of argillite in thin minor and thick
major beds, dominantly red but incidentslly brownish or green, interbedded
with pink, vhite, or greeniah-white quartzite, brown sandstone, and sandy
argillite. The maximm reported thickness is 2,800 feet dbut in places it
thins to as little as 650 feet.

The upper pert of the formation is called the Rising Bull mexber by
the Fentons and is reported to contain argillite, quartzite and mud breccia
(intraformational conglomerate) forming the initial transition between
the Grinnell and the Siyeh. It shows gray, red, green, pink, and wvhite
colors. The thickness is given as 600 to 1,100 feet. In and west of
Waterton Lakes Park in Canada, immediately north of Glacier National
Park, & thin flow of amypdaloidal lava is intercalated in the upper part
of this upper member Lt no lava has been found in th%;rinnell formation
anyvhere south of the Intmtiomlnmmdary As suggested above, the
Scenic Foint menmber of the Appexunny as recognized by the Fentons may belong
to the Grinnell rather than the Appekunny,

Hote that the colors mentioned above are those of the Fentons and
do not correspond to the usage of the Rock-Color Chart.
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The wide range in estimated thickness and lithologic character of
the Grimnell formetion in and nesr Glacler National Park reflects much
lateral variation. The poor exposures in the northern part of the Swan
Range prevent accurate meesurement but the total thickness there is
roughly 5,000 feet. In the southern part of Glacler Haltional Park, some
25 miles to the northeast, the thickness is close to 2,000 feet. Willis
(1902, p. 322-323) estimated the thickness in the northern part of the
Park as 1,000 to 1,800 feet. The Fentons (1937b, p. 1887) give a range
in thickness of 1,500 feet to 3,500 feet. Dyson (1949, p. 7) says the
thickness varies considerably but is greater than 3,000 {eet in several
localities in the Park.

Clapp (1932, p. 22) estimated the thickness of the Grinnell in the
part of northwestern Montana shown on his generalized map as 2,000 to
3,500 feet. His map includes most of the definitely known exposures of
the formation. Langton (1935, p. 36), whose work was south of Missoula,
describes the Grinnell as composed of bluish-gray, {ine-grsined, thin-bedded
argillite, grading downward into more massive-bedded gray quartzitic
argillite, commonly ripple marked and with layers of reddish-gray
quartzite, the aggregate thicikness being sbout 7,000 feet.
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On Bock Creek southeast of Missoula rock believed to belong to
the Grinnell formation is light graylsh red purple except in the
irmediate vicinity of intrusive masses, vhere it may be green. It is
an indistinctly laminated quartzite composed of quartz with scme
plagicclase, minor amounts of blesched biotite and a little pyrite,
hematite and leucoxsne. Some grains consist of felted mats of sericite,
montmorillonite, and illite. The quartz and feldspar are in interloeking
grains, some of which exceed 0.1 millimeter in length.



Chamberlain shale

The Chamberlain shale is known only in the immediate vicinity of
Jeihart although possible equivalents have been reported farther south
(Verrall, 1955). It grades into the Newland limestone (Piegan group)
above and the Neihart quartzite below, dbut othervise no evidence is
available as to its stratigraphic relatiions. It 1s here sssumed to
beiong to the Ravalll group.

The formation is described (Weed, 19500, p. 282) as composed of
dark-gray, almost black shale, largely arenacecus, with some ripple
marks. The rocks are slaty and Jointed. At the base, transition into
the underlying Neihart is showmn by sdmixture of arenaceous and micaceous
material. The rdddle part of the formation is mainly black shale. In
the upper part calcareous shale appears, increasing upward until the
wnit perges with the overlying Newland limestonse.

Tweto (1937, p. 1%, op. cit. p. 155) describes a specixen from
Sewaill Creek, southeast of Neihart, as dark green-black, thin-bedded,
very fine grained fissile shale consisting essentially of colloidal
clay minerals and sericite with saall amcunts of pyrite, dolomite,
quartz, feldspar, and graphite.

Material collected by Richard Rezak (il from the Chamberlain
shale south of Neihart is a nearly black quartzitic shale, irregularly

laminated and vith clay spalls on bedding planes. It contains subangulaxr
t0 angular quartz grains up to 0.05 millimeter in diameter with a few mica
flakes in a mat of quartz grains and micaceocus shreds up to 0.005 millimeter

in maximm dimension, which includes some illite.
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Plegan group
Forewvord
The Piegan group of the present report comprises the Wallace,

Siyeh and Rewland formations of most recent writers. Inasmuch as these
three terms are roughly sysonymous, the area in Montana within which each
is to be applied mat be decided arditrarily. The besis here adopted is
to spesk of the Wallace formation in the aree from the Ideho boundary
esstward to the vicinity of 114°30' longitude. Whers masses of carbonate
rock delieved to belong to the Piegan group cross this longitude they are
mapped with the noncammittal group nace $JMIE. Similarly in the
mountaing north of the Flatheed Valley and west of the northern reaches
of the Flathead River as well as in the Mission Range the term Plegen group
is employed. Here "Siyeh limestone” is an alternative designation but
memchmum:oiittlestudiedthatthemtemismre
sppropriste. In and near Glacier National Park and from there to the
gouthern part of the Swan Range the name Siyeh limestone is the most
suitable. South of here and east of 114°30' longitude Newland limestone

is the preferred designation, although usage has not been strictly uniform.
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It will be seen from the above remerks that st any pearticular
Joeality the Piegan group is represented at present by a single, nemed
map unit. Each of these thick units, now terzed "formaticns”, 1s probably
divisible, vhen detailed work is done, into subdivisions worthy of being
ranked as formations, rather than members. This was done partially in
early zaps of the southern pert of Shoshone County, Idsho (Pardee, 1911,
pl. 2, Umpleby and Jones, 1923, pl. 1). The descriptions that follow
show that additional subdivisions of the Wallace formation are knowm to
be possible and that major subdivisions of the Siyeh limestone have
already been suggested. BHocks now called Revland limestone are neither
as widespread nor as thick as the Wallace and Siyeh but are not uniform,
and may be susceptible of subdivision intc unita of the rank of formations

rather than mere mexbers.
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¥Wallace formation

Distribution.--The Wallace formetion is exposed at intervals in

Idsho from scuth of latitude of 47° to the Canadian border. It is also
fairly wvidespreed in Minersl, Sawunders, and Lincoln Counties, Mont.
Another mass that has been so designed extends, with interruptions, from
the northesst corner of Lincoln County southeastward to the vicinity of
Kaligpell. This mess is so little known that it might best be refearred
10 merely as belonging to the Plegan group. Farther south near the
Clark Pork between Rivulet and Missoula the rocks of the Plegan group
have been called Wallace (Ross, Andrews, Witkind, 1555) but this
decision was arbitrary. At one time all the rocks now called Wallace
vere given the name Newland (Calkins, 1909, p. 38).
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Character .--The Wallace formation is the most heterogenecus in the
Coeur d'Alene region (Ransome and Calkins, 1908, p. 40-43). It includes
thine s, Tine-grained calcareocus quartzite, irpure limestone and
ghale, largely calcarecus and with slaty cleavage. All these rocks are
marked by mud eracks, ripple marks, sud related indications of deposition
in shallow water. The conspicucus lamination in many beds ig one of the
disgnostic festures of the formation. According to Calkins (Ransome sand
Calkins, 1908, p. 40-33) the lowermost part consists mainly of gray-green
slaty rock mostly calcarecus or dolomitic. The middle part of the unit
includes bluish and greenish argillite, lirestone and cslcarecus
quartzite, and presents a banded appearance in weathered cutcrops becsuse
of the alteration of vhite quartzite, yellow-weathered limestone, and
greenish and bluish argillite. In the uppermost part of the formaticn
argillite redominates and the white beds of calcareous gquartzite

. prominent in the middle pert are absent. The argillite in the upper

member is especislly distinetly laminated. Clusters of westhered siderite
graing such as are prominent in the formetion below are present in
argillacecus beds in the Wallace but absent in the quartzitic beds.
Calkins thought most of the carbonate in the formation was distinctly
magnesian but reported some calcite. Slaty clesvage is better developed in
the lower than in the higher beds, and Calkins feli that this could not be
explained entirely on lithologic groundg. The composition of the roek,sv of
the Wallace formation a&s seen under the microscope has meny similarities to
that of rocks already described. Quartz, feldsper, sericite, muscovite,
chlorite, carbonate plus such minor constituents as zircon, tourmaline,
magnetite, leucoxene, and carbonaceous dust are reported. The calcarecus

quartzite of the middle member is arkosic.
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In five specimens from e Wallace formation in eastern Shoshone
County furnished by Warren Hobbs no carbonate is present. They include
argillite, and quartzitic rocks, mostly with feldspar. They are
strikingly laminated in different shades of gray. The component grains
range from 0.01 to 0.10 millimeter in dlameter.

Calkins emphasizes the difficulty in messuring the thickness of
the Wallace both becsuse it is broken by many faults and decause the
argillite is over~thickened because of minute folda. He concludes that
the formation can hardly be less than 4,000 feet thick. Umpleby and
Jones (1923, p. 8) estimate h,oob to 6,000 feet. Anderson (1930b, p. 18)
says the thickness north of the Coeur d'Alene region is more than 4,000 feet.
Shenon and McConnel (1939, p. 5) say that locally the Wallace can be
divided into four members. They estimate the total thickness in the

Coeur d'Alene ares as between 4,500 and 6,000 feet.
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Between the southern Coeur d‘Alene region and the St. Joe River
five subdivisions of fhe Wallace formation have been mapped (Wagner, 1949,
P. 12-13, pl. 1). The lovest is a heterogenecus sequence of thin-bedded,
light-gray to dark-gray, laminsted, impure and mostly calcarecus quartzite,
shele and sandstone with some limestone. The next comsists of slternating
calcarecus or magnesian sandstone, with a few limestone beds, and dblack,
mostly noncalcsareous shale. The purer limegtone beds in this unit show
molar tooth structure. Unthuedwfmaofthemtm.stnkingly
btanded. The third membder consista largely of noncalcareous black shale,
in part metamorphosed to phyllite or slate. The fourth mexmber is a
thin-bedded, light-gray-green to dark-gray, sandy, calcarecus or dolomitic
argillite. The uppermost member 1s largely black, noncalcareous shale
or argillite with paper thin laminse. These beds grade upward into rore
arsnacecus rocks in the transition zone at the base of the Striped Peak
formation. Wegner estimates the entire thickness of the formation where
he studied it es less than 4,500 feet.

In Kootenai County (Andersom, 1940, p. 12-13) the Wallace has 3
principal members much like those describded by Calking for the Coeur d'Alene
Tegion and is estimested to be not less than 5,000 feet thick. In the area
in Xootenai and Benewsh Counties studied by Campbell (1950, p. 1li-15,
op. cit. p. 207) the Wallace formetion is much as it is where described
by VWagner in the area immediately to the east. It is, however, composed
only of the lower 3 of the 5 members described by Wagner.



Kear Mallan, Idaho, (Hobtbs, Wallace, and Griggs, 1950, p. 5-8) the
part of the Wallace formation studied is thought to correspond to the 2
lovest members described by Wagner and to the lowest of the b described
by Shenon and McConnel. In the Mullan area the rocks are very fine-grained
quartsits and argillite and intermediate rocks. Ankerite and related
carbonates are abundant throughout. Limestone is rare. In most
carbonate~bearing beds the relatively pure carbdonate occupies the cores
of structures, 1 to 2 inches in diameter, that form layers along one or
more bedding planes. The part of the formation exposed in the Mullan
ares is approximately 2,500 feet thick. |

In the Libby and Trout Creek quadrangles GSMNEE (Civeon, 1548,
P. 13-16, Gibson, Jenks, snd Campbell, 1941, p. 371-374) the Wallace
formation i1s widespread, thick, and, as usual, is lithologieally

»mteragm¢ The principal component is gray to greenish-gray sandy

argillite, largely calcarecus or dolomitic end slightly ferrugincus, with
intercalated thick- to thin-bedded gray, greenish-gray, and dbrownish
calcarecus sandstone. A very thinly laminated, soft sericitic, light-gray
to buff, slightly calcareous shales is present at several horisong. This
shale is readily recognized wheress some of the other components of the
Wallace might be confused with parts of other formations.



Stromatolitic dolomite or dolomitic limestone is reported to bte the
most characteristic rock in the Wallace formation of the Libby area and
is present at seversl horizons thers. This rock is light gray, pale
greenish gray, or nearly white on fresh fracture. The unweathered rock
is seemingly homogensous, without visible laminastlon or hint of organic
origin. Where weathered, the rock is dark gray or buff, and at the exposed
surface, btrown of variocus shades. There curved laminae, with the shapes
typiecal of stromatolites, are emphasized through slight differences in
color, bardness, and mineral composition. Richard Rezak, after his gstudles
of strometolites in Glacier NHational Park, found many similarities in the
Livby area. As noted earlier it is not now possible to use stromatolites
as index fosslils over digtances cbmparable to those that separate Glacier
Hetional Park and Libby, but this remains awong the possibilities to be
bern 1in mind. The carbonate rocks in the Wallace in aress south of Libby
display "molsr tooth™ structures {Gibson, Jenks, Campbell, 1941, p. 373).
Some beds near Libby are colitic (SNNNS.



Gidson locally inciuded some dominantly red beds with especially well
developed ripple merks in the Wallace formeticn near Libby, noting that
these deds resemble the overlying Striped Peak formation, here regarded
as & component of the Missoula group. Presumebly Gidbson's red deds in
the Wallace are approximately analogous to Clapp’'s (1932) "red band in
the Siyeh". According to the definitions of this report, Gibson's red
beds in the Wallace and any carbonate beds above them would be regarded
as belonging to the Missocula group. Gibson notes that the Wallace
formation in the Libby ares is thick, possibly reaching s maximum of
17,000 feet. The red beds he thought of as in ths upper third of the
formation are a few hundred to as much as 1,000 feet thick, bdut it is
not clear how mich of the total thickness given in stratigraphically
sbove the red bed horizon and therefore presumadbly to be corrslated
with the Missocule group as hers used. Gibson indicates that the Wallsce
formation thins southward to only 7,000 feet in the southern Trout Creek
qusdrangle.

To the southeast, in Minersl County, Mont., the Wallace formation
is widespresd (Wallace and Hostermsn, 1956, p. 19-21). It is similar to
the equivalent rocks nesr Mullan, Idsho, except for a somewhat greater
degree of metamorphism. In Mineral County the rocks are termed phyllite,
erystalline limestone and limy quartzite. Four members were noted but not
mapped separately. The thickness in the western part of the County
appears to be at least 5,500 feet, with the top missing.
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In the St. Regis-Superior ares (Campbell, 1958, in prep.) the
Wallace formation comprizes at least two lithologic wnits. The lower
one is coxmposed of $,000 feet and of thin-bedded, dark-gray argillite or
phyllite interbedded with thin-bedded light-gray quartzite, all more or
lsss dolomitic. Inpure limestone and dolomite are interspersed
throughcut the unit, and these show molar-tooth structures locally. The
upper 1 of the 2 units composing the formation is about 4,000 feet thick
and includes 65-70 percent of thin- » light-gray, quartzite that
is slightly sericitic and in part dolomitic. Black argillite accounts
for 10-15 percent of the unit. The black argillite is interbeddad with

light-gray quartzite so as to form a conspicucusly layered rock,
characteristic of the upper part of the Wallsce formation. The

remmining 20-25 percent of the upper unit comprises medium to dark-gray

silty dolomitic limestone to limy siltstors.

Little information in regard to rocks ccomonly called Wallace east
of Superior is at hand. Near and east of Missoula their aprroximate
stratigraphic equivalents are termed "Newland” formation or limestone
and, to the north, "Siyeh" limestone and are described below under

these names.
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Newland linestone
Distribution.-~Comparatively small pexrts of the Piegan group are
mwsmmnmm, or, if cone prefers, Newland formation.

The only masses inconirovertibly so named sre in and near the Big and
Little Belt Mountains, For some distance west of there the only
components of the Belt series exposed are post-Aewland. Near Pailipsburg
and Missculs the name Newland has deen applied in the past and is
retained in the present report for calcarecus rocks stratigraphically
bensath those here assigned to the Missoula group. HNear Philipsbhurg
the unit has been called Newland formation rather than Newland linzestone
(Calkins and Bumons, 1915, p. 4).
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Charscter.--The western exposures of the Newland limestone sre
described first. Near Missoula few detalls are availadle. Clspp and
Deiss (1931, p. 693) speak of the unit nesr Missculs as the "Lower Wallace
limestone” and, in their figure 3, Correlstion tabls of the Belt rocks
of Montana, list it as Wallsce limestone 7,500 feet thick, not divided in
the table into upper and lower components. The ressons for their usage
have already been discussed. Langtom (1935, p. 36) cites the unit in a
table ae the Newlsnd, 4,000+ feet thick, comprising ™impure argillitic,
dolomitic, snd sideritic limestones, with some blus, thin-bedded
argillites grading downward into more messive-dedded gray quartzitic
argillites commonly ripple-marked and vith layers of reddish-gray
quartzites”. The chemical composition of a specimen obtained from the
east side of Rock Creek just outside of the ares mspped by Langton is
shown in tadls 5 guuueeeill. It is a highly impure magnesian
lirestone, with irregular structures that may de stromatolitic. Simdlar
structures are comaon in limestone nesr Missoula. The stromatolite
heads here, hovever, are not as distinctly formed as those in Glacler
Hational Park. The rock analyzed and others neerby consist mainly of
carbonate and gquartz with some plagioclase and microcline, with lesser
soounts of muscovite, chlorite, zircom, m&ote,ndmtﬂa,otﬂaichthe
last three appear to be detrital. A little clay may be present. Grain
dismeters range from 0.005 to 0.05 millimeter. Some of the feldspar
has crystal form bub with rounded and broken corners snd edgess.
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Near Philipsturg (Calkins and Bmmons, 1915, p. 4, EBwmons and Calkins,
1913, p. B1-45) the unit is called the Newland formation. Calkins
entertained the possibility that the Newland as mapped by him includes
the Greyson. This smuggestion appears to have been made in an attempt to
bring the stratigraphic succession nesr Philipsburg into harmony with
that in the Big Belt Mountains. As the two localities sre soms 80 miles
apart this does not nov seem necessary. Calking says that, in the
Fhilipsbhurg quadrangle, the basal part of the Newland is dark argillaceocus
rock with thin beds of impure limestone, constituting a transition zone
with the Ravalli formation below. Most of the Newland consists of
fine-grained, thin-bvedded, slabby calcareous rock, with a little
interbedded calcareocus guartzite or sandstone. The uppermost few
hundred feet of the formation consist of drab- to greenish-gray, fissile
calcarecus shale. The total thickness of the formation is about 4,000
feet. In the second publication on the Philipsburg area Calkins notes
that the formation, whils distinetly more calcarecus than those sbove
and belov "as & vhole cannot very accurately be called limestone”. The
analysis quoted in table & snigagmillf, shows that carbonates constitute
much less than half the rock. However, Calkins says that under the
microscope the rocks of the Newland formation consist mainly of quartz
and somevhat more abundant cax‘bmte_, thus an impure limestone. Feldspar
can generally be ldentified in these rocks. Sericite is inmiably
present. Biotite, chlorite, mircon, carbonaceous dust, and tourmsline
are subordinate constituents. The grains are measurable in hundredths
or thousandths of a millimeter. In the Philipsburg ares the Newland
formation has undergone contact metamorphism locally.
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Rewland limestone is expesed northesst of Philipsburg, particularly
salong the upper Blackfoot River, btut available details are mesger.
Pweto (1937, p. 15-16, op. eit. p. 155) has described s rock from this
formetion near the upper resches of the Blackfoot River, east of Cvando,
Powell County, as a pebbly, colitic, siliceocus limestone. It consists
essentially of calcite and quarts with zineor amounts of dolomite,
ankerite, feldspar, megnetite, apd argillscecus mattar. The oolites are
daformed, and the concentric structure is poorly preserved. They are
partially or wholly surrcunded by coronss of comb-structured quartz. The
matrix in wvhich the oolites lie is argillaceons limestone with abundant
guarts. The quartz is in part secondsary, in part in silt-size clastic
grains.

Farther east and south in the Little and Big Belt Mountains,
exposures are somewhat larger and informetion is more complete. The
following summary is based larpely on work in the Canyon Ferry
quedrangle, (Mertie, Fischer, and Hobds, 1951), supplemented by personal
cbeervations.
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In the Big Belt Mountains the Newland limestone is reported to be s
umiformly dense, derk-gray, dolomitic limestone, thinly and evenly dedded,
except in its upper paxrt. Mach of it is more lmpure than this description
suggests. Material from a gnlch that reaches Lake Sewall near Canyon
Ferry is only about half carbonate, the rest of the rock being mainly
quarts plus some feldsper snd mica. A little illite and probably
montmorillonite are present. Much of it is in grains up to 0.03 millimeter
lomg dut a few elongate feldspar grauing are over .10 millimeter long.
This rock is indistinctly laminated cn a microscopic acale. The
limestone forms abundant flcat of btrown platy fragments that superficially
resenbls a hard fisgile shsle. This featwre is more conspicucus in the
Big Belt Mountains, especially their western flank, than in any other
locality familiar to the writer. Thin beds of limestone and shale
alternate in the upper part of the Newland, constituting a transition
zone between that formation and the overlying Greyson shale. The
Newlsnd has been estimzated to be about 2,000 feet thick in the Big Belt
Mountains (Mertie and others, 1951, p. 18; Walcott, 1899, p. 206).

Pardee and Schrader (1933, p. 124-125) describded the wmit in much
the sane area as consisting mainly of fine-grained to dense
dark-bluish-bray beds that weather buff or yellow. The bedding is closely
speced and commonly obscured by slaty cleavegs, locally very proncunced.
The thickness is estimated as 4,500 feet.
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In the lLittle Belt Mountains the Newland limestone has been studied
in some detsil nesr Neihart (Weed, 19500, p. 282-283). The lower part
here cousists of alternating limestone and shale vith the limestone
increasing upward. 'ﬂmﬁentralpurtconsm:otmiw, dense, dark-blue
limestone with stresks and irregular markings of white cslcite, and
carbonacecus stains. The beds are 366 feet thick. The rock weathers
wff. Near Neihart the formation is about 560 feet thick but along
Bewland Creek, the type locality, the thickness is reported to be much
greater.

Bers Tweto (1937, p. 1k-15, op..cit. p. 155) speaks of the rock as
faded black, rusty-weathering, thick-bedded, fine-grained, argilliscecus
lizestone. The principal component is calcite but gquartz, feldspar,
graphite, sericite, muscoviie, garmet and chlorite are also present.
The limestone is microerystalline and contains rare, silt-size clastie
grains. Presumably the latier are composed of quartz and feldspar.
Lapccimcolmbymc&rdhukusmum-m,mum
limestone. It conaists of an even-gramilar aggregate of carbonate
(mostly calcite) with some quartz. The grains are about 0.005
mllimeter in aversge dismeter.
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Exposures of the Belt series esst and northeast of logan have
recently been described by Verrall (1355, p. 115-30) who correlated much
of the seguence with the Nevland limestone snd part with the Chamberlain
shale. The beds he regarded as correlative with the Chanberlain include
buff and gray argillite with minor reddish argillite, greeniah, coarse
micacecus arkose and gray, dense, thin-dedded limestone, totaling over
3,388 feet. As Verrxll noted, this sssemblage differs markedly in
charscter and thickness from the Chamberlain shale of the type locality

. more than 60 miles to the north. Above this unit Verrall reported

suprposed Newland limestone made up of greenish-brown, coarse, micaceous
arkose, interbvedded with buff, pink and gray beds of argiliite and mediwm
to thin-bedded dense limestone with layers of deuse, hlack calcarecus
mtmmmenmﬁwrM{uMmm
tooth structures. At the dase is a stromatolite reef, that Verrall regarded

as similar to the Collenia symmetrica zone of the Fentons (1937b,
18041895, 1542-1947), a suggestion of doubtful validity in the present
stats of Inowledge relative to stromatolites as atratigraphic indicators.
The thickness of the supposed Nevwland limestone aggregates cover 1,550 feet.
Klemme (1949, p. 6-7) had previously regarded the unit as Spokane ghale,

as sssignment nov in serious doubt as Robinsem (1959, written commmmication)
hes found that the Spokane pinches cut west of Verrall's area. All of the
beds described by Verrall include so much arkose that they are regarded
here (P se belonging to the North Boulder group; presumably
stratigraphically low in that group.
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Siyeh limestone
Distribution.-~The cnly part of the Piegan group that remains to

be described is the Siyeh limestope. This is recognized in the Lewis
and Livingstone ranges of Glscier National Park, and the Flathead and
Swan Ranges farther south. Carbonate yocks both west and south of these
ranges are so. similar to the Siyeh that they are likely to be assigned
to that formation when further work is dome. It may be noted, that the
ter "Siyeh"™ has been applied by scme geoclogists as far scuth as the
north side of the Blackfoot River a short distance south of latitude
47* (Clapp and Deiss, 1931, p. 683-684).

Character.--In the Glacier Naticnal Park region (Ross, 1958, in
press) the limestone differs in msny details from place to place,
sufficiently so that local subdivisions will be required when detailed
studies are undertaken. Lataral variation is so marked that many of
these will prove to be valid only over a few score or & fey hundred
squave miles. Within Glacier National Park the Siyeh limestone is
mainly an impure snd somewhat magnesium limestone, aa indicated by the
anslyses in table 6, snd table 8. Some strata are more argillaceous
than those represented in the two tables and thin beds of argillite
exist. However, the Siyeh limestone as restricted in the present
report (p. 112-115) containg no assembleges of argiliite or of distinctly
argillacecus limestone.
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Axong the subdivisions of the Siyeh limestone that may be expected
are the three suggested by Rezak (1957) on the basis of stromatolite
content. His lowvest subdivision or zone in the Siyeh is the Collenia

symuetrica zone 1. This zone comprises the lower two~thirds of the
farmation and waa divided into two unmapped mexbers by the Fentons
(19375, p. 1892-1897). Rezak's second zone is called Conophyton zome 1
and corresponds essentially to the Collenim frequens zone of the Fentaus.

This zone forms masslive gray ledges that were noted by the men of
H, R. Canpbell's parties even before they caze to realize the protable
organic nsture of the materisl. It is the most conspicuous stromstolite

- zong in Glacier National Park and the only one that has been mapped

(Ross, 1958, in press). This zone has itself three components, of which
the lowest is characterized by Collenis frequens Walcott, the middle psxrt

by Conophyton inclinatum Rezak, and the uppermost by Collenia multiflsdbells

Reszak and Cryptozosn occidentale Dawson. The colonies of Comophyton

inclinatum in the =middle part are the most conspicuous features of the
zones and are identical with those previously called Collenia frequens in

this same zone. Stronatolite names in the present report are those of
Rezak and in many instances differ drasticelly from those of previocus
witers.
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Hearly sll of the Siyeh limestone is thick bedded or massive as
viewved from a distance but close exsminstion shows it to be thinly
laminated. Some iz cclitic. Fresh surfaces are dusky blue, or more
rarely greemish gray, with varistions related to the composition of the
rock. Weathered surfaces show various orange and vrownish tones and
commonly display irregular etched marking that corresponds to differences
in the ecalcium emxrbonate content of the rock. They include the forms
termed "molar tooth” structures by Daly (1912, p. 72-75) but with
infinite variety in the details so that many have no resemblance to
molar-tooth markings. Under the microscope the rock is seen to consist
of carbonate, and quartz with some sericite. In most beds individual
grains of the major constituents are a few thousandths to a few
hundredths of a millimeter in diameter and accessory minerals are in such
minute grains and amall amounts that they were not determined. Microscopic
irregularities in texture, related to the "molar tooth” and similar
structures so comspicucus in cutcrops, are plentiful GNMNERRNNNNGS .
Well-defined ococlites are not common but many of the rocks seem to
contain recrystallized oclites. Vhere ocolites are preserved some are
roughly elliptical in section and 1 to 2 millimeters long. These retain
no interdal structure. Other oclites are circular in section and have
well-preserved concentric structure within them 4. The two
varieties may occur in the same rock. Some of the round oclites are
broken and others are invaded in their cuter layers by grains of clastic
quartz. Most of the round oolites are less than & millimeter in Jiameter

and are themselves components of pebblelike masses embedded in the fine-grained

-
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limestone ¢SNENP. *hile the redominant constituent of the Siyeh
limestone is carbonate, cryptocrystalline silica is common, claatic
graines of quartz are discernible locally and some strata contain minsrals
of micaceous hadbit. Thae last mentionsd sre largaly sericite but include
scme nontmorillonite and 1llite.

Stromstolites are present throughout the Siyeh limestone of
Glacier National Park and mey be more abundant and well preserved there
than in other parts of westernm Montana. Eowever, they have been found
in all exposures of the Piegan group in vhich they have been searched
for and may be more widespread and abundant than is now realized.
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Missoula group
Foreword

In the present paper the definition of the Missoula group has been
more drsstically revised then those of other groups of the Belt series.
As a conssquence the group extends lower stratigraphically than earlier
usage wuld imply. The change results largely from work in the Glacier
Sational Park region (Ross, 1958, in press). The group is more widespread
than might have been supposed from earlier reports, a fact that seems
implied in the pmper by Clapp and Deiss (1931). The best known exposures
specifically assigned to the Missouls group extend from Migsoula
northeastvard but droadly equivalent rocks sxre known from northern Idaho
eastward into the Little Belt Mountains snd from near Dillon to beyond
the Canadian boundary. The group, as now defined, includes a large
part of the Belt series in the Big and Little Belt Mountains, where
the ssries name originated. The revision of the definition transfers
mummmmmmnmmmmw-mm
group en the Montana State Geologic Map into the Missocula. The revised
definition and the ressons for it wvere discussed on pages 113-120 dbut the
exsential features may be summed up in the statement that the Missouls
group includes all of the Belt sexries stratigraphically higher than
the great thicknesses of carbonate-rich rocks of the Piegan group. Thus,
the Missoula group ls characterized by an abundence of red and green
claestic rocks, although other rocks, including some limestone, are
present within it,
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Stxiped Posk formation
Distribution.~-The Striped Peak formeation was first nsmed and is

best known in the Coewr d'Alene region, Shoshone County, Idshs. In
ghoshone County 1t occurs only in scattered remmnts, being less widely
distributed than any other formation in the Belt series (Umplebdy and
Jones, 1923, p. 9). It has been recognized farther west in Kootensi
(Anderson, 1940, p. 13) snd Bonner (Ssmpeon, 1928, p. 8) Counties, Idaho.
Strata that resemble the Striped Peak formation have been noted at
intervals from the Coeur 4d'Alene region northward to the internstional
boundsry (Calkins, 1909, p. 38-39, 41). Apparently the localities are
mainly in the northwestern pert of Montsus (Calkina, 1909, p. 41, pl. 1).
Bo rocks that appear to correspond to the Striped Pesk formation are
reperted in Boundary County, Idaho (Kirkham and Xllis, 1926, p. 17, 18, 27).
The unit has been mepped in the Libby snd Trout Creek quadrangles
SN “ootana (Gibson, 1948, p. 156-17, pl. 1, Gibson, Jenks, and
Campbell, 1941, p. 37h-376). Presumadly rocks equivalent in age to the
Striped Pesk formation are present elsevhere in Montana dbut these, vhere
they have been described at all, are given other names. The distances

betveen outerops are such that direct correlation is impossible.
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Character.—In the Coeur d'Alene region (Rsnsome and Calkins,
1908, p. bik) the Striped Pesak formation is composed of thin-beddsd
shale and quartzite sandstone with ripple marks and sun cracks. Most
of it is reddish purple and green. The thickness at the type locality
is sbout 1,000 feet. Immediately to the south (Wagner, 1549, p. 13-15)
the formstion is reported to consist of alternmating beds of pinkish-gray
sandstone and greenish-gray shale in the lower 500 feet of the unit,

and lavender sandstons and deep-parple shale above this. The argillacecus
beds in the lower pert are thicker and show legs shaly partings than those

higher in the sequence. Ripple marks and mud cracks are present, The
sandstons, or perhaps more properly the impure quartzite, consigts of
grains of quartz with gericite and a little feldsper embedded in a dark,
fins-grainad matrix. Minor amcunts of tourmaline, zircon, magnetite,
hematite, and chlorite are present. Some of the sandstone contains
carbonste. The meximm thickness reported is 2,000 feet.
Representatives of the formation collected by Warren Hobbs in

eastern Shoshone County are grayish-purple to medium-gray impure
guartzite. The rock is laminated cn a microscopic scale. The principal
component is quartz with subordinate amounts of salkalic plagioclase,
microcline, snd micropegmatits, and swmall sudbperallel flakes of
colorless mica abundant in the narrower laminae and present between
the clastic grains in the coarser laminse. lLong flakes of bleached
bictite are scattered throughout the rock. Hematite is sparsely
distributed. In the coarser parts of the rock the quartz grains have
diameters of 0.10 to 0.25 millimeter while most in the finer parts
average about 0.0l millimeter.
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In Xootenai County (Anderson, 1540, p. 13) the components are similar
bat vary markedly in proportions at differemt localities. Also scre of
the shale is made up of altermating dark-gray to blsck and yellow layers,
only small fractions of an inch in thickness. The lower part includes
celearecus beds d1fficult to distinguish from the underlying Wallace
formation. The thickness of the Striped Pesk formation here may locally
be ss much as 4,000 feet. In southern Bonner County, immediately north
of Kootenai County, (Sampeon, 1528, p. 9) the rocks assigned to the
Striped Pesk formation appear to lack the charscteristic reddish beds,
perhaps as a result of contact metamorphism. They are reported to include
an olive-colored sandstone or quartzite and s laminated argillite with
very thin alternating dsrk-gray and yellowish layers. Ripple marks and
sun cracks are commor. The exposad thickness is 9,000 feet.

Farther north, along the Clark Fork (Andersom, 1930, p. 18-19), the
formation has many reddish deds and thus resenbles the same unit in the
Cosur 4'Alene region. Anderson notes thal near Fend Orellle Iake the
formation has lost its red coloxr, and oclive colors like those reported
by Ssmpson farther south predominate. Anderson found the formation to
be more than 4,000 feet thick, but as he notes that the characteristic
reddish beds are absent in the upper part, this thickness may inclnde
some beds that in Montans heve been assigned to the Litby formetion.

In all of the localities in Idsho mentioned, perts of the Striped have
been removed by erosion so that the thicknesses given are less than the
original ones. |
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Near Libby, Mont., (Gibson, 1948, p. 9, 15-13) the Missoula group
conprises only the Striped Peak and Libby formstions. The former consists
painly of dark-red to purplish faldapathic sandstone and quartzite,
locally shaly, and with some interbedded sandy shale. Most beds are
about a foot thick. Ripple marks, sun cracks, and crossbedding are
compon. A few light-green to olive-green argillite beds are present,
especially in the upper part of the formation. Some of these grade
laterslly into red beds. Some of the sandy beds contain a little
carbonate and stromatolitic dolomite occurs sbout 200 feet above the
base of the formation. The thickness is about 2,000 feet, with a maximum
of 2,500 feet at one place. Farther scuth in the Trout Creek gquadrangle
(Gibson, and others, 1941, p. 374-377) all the rocks of the Missoula group
have been included in the Striped Peak formation, similar in genersl to
the Striped Peak in the Libby area. Either the Libby formation is sabsent
or it has been mapped with the Striped Peak formstion, there reported to
be thicker--3,000 to 3,700 feet--than near Libby. Oolitic dolomite and
dolomitic limestone contsining stromatolites are interbedded at two or

more horizons.
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Livby formation

Distribution and character.--The term "Libby formation™ has been

applied only in two small areas northwest and southwest of Libby, Montana

(Gibson, 1S43, p. 17-19). It consists largely of light-gray, dark-gray,

‘and greenish-gray argillite, commonly sandy and less commonly sericitic

and calcarecus, in beds 1 to 3 feet thick. Some beds resezble the
lsminated, browm-westhering argillite in the Prichard formation.
Thin-bedded gray sandstone and dark-gray, ocolitic, ferruginous, magpesian
limestone and a few beds of vhite ferruginous dolomite, in part
gtromatolitic, are also present. Along the Kootensi River there is a
little greenish-gray argillite with calcarecus layers that contain
apheric;l and podlike argillacecus nodules. The Libby formation is at
least 6,000 feet thick.
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Beds of the Missouls group near Superior, Mont.

<. Beds of the Missoula group near Superior, Mont. comprise five
formations (Campbell, 1958, in prep.). As already noted, some or all of
the formaticns near Supericr may be closely akin to formations close
to Missoula.

The formation consists of three ill-defined, gradational umits.
The lowes:t part is grayish-yellow-green, quartzose argillite interlaminated
with argiliacecus guartzite. The basal part is slightly dolomitic. The
middle unit is thicker bedded and more quartxzitic than the lower one.
It includes numercus beds of pale-purplish-gray quartzite. Many of
the strata contain encugh magnetite to deflect & compass needle. The
upper unit is sizilar to the lower of the three and also to parta of the
Wallace. It is mainly quartzite, largely dolomitic, and includes a few
thin beds of silicecus limestone, with segregation structures.
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Above the Spruce formstion is the lLupine quartzite. This comsists
zainly of pale pinkish-trown (or gray) to grayish red-purple, fine- to
medimm-grained, vitrecus to subvitreous somewhat feldspathic quartzite.
Thin, widely spaced dark-purple or red-purple laminae and partings occur
at intervals throughout the quartzite. Thin fragments of dark-purple
argiliite are present in many of the quartzite beds. The more argillacecus
beds show mud cracks. A feature considered diagnostic is the presence of
pale pink, thin, elongate lenses of dolomitic quartzite within some of
the beds of noncalcarsous quartzite. The Lupine quartzite is 2,750 feet
thick.
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The next uwnit upward ig the Slowsy formation which is quartzitic
near the bottom and becomes progressively more argillaceous upward.
Some beds are rich in hematite. MNost of the beds lov in the sequence
are light-purple or light-green, medium-bedded, fine to very fine-grained
argillaceous quartszite wvith some massive pink or vhite vitreous quartzite
and numerous dark-colored laminse and thin beds of reddish-purple
argillite with micaceous partings betwesn the quartzite beds. Sone of
the quartzite is motiled with purple and greem. Kmm#themmm
nodules & to 12 inches long of possible organic origin, were noted.
Higher in the sequence the rocks include thin-bedded argillite or
quartzose argillite with striking red, red-purple and green colors of
medium chroma. Mud cracks are plentiful and some salt casts are present.
Some beds of dense, chertlike green or, less coammonly, purple argillite
oceur. Small-scals scour and fill structures sre common. As the Slowmy
formation has been seen only in fault blocks its thickness cannot be given
with sccurscy but it is thought to be fully 5,000 feet.



The Bouchard formation, as described by Campbell, is composed
principally of interbedded micsceous quartzite and quartzose argillite.
The prevailing colors are greenish gray with low chyoma. Most of the
roeks westher btuff, clive gray or reddish hrown. There are a few bedas
of wvhite quartzite and others of dark, fissile shale. Quartz and
sericite predominate in the formation dut some feldspar and chlorite are
present. The thickness is variable with a meximum of at least 4,000 feet.
The diffsrences in thickness are regarded by Campbell as resulting from
erosion prior to deposition of a gquartzite of Middle Cambrian age.
Fumerous individual calcareous stromstoclites are present in the Bouchard
formetion in sec. 23, T. 16 H., R. 26 W.

An unnamed quartzite, inferred by Campbell to be the highest part of
the group in the Superior area, has been observed only in a single small
fault block with neither top nor dottom exposed. It consists of
thick-bedded, medium- to coarse-grained, vitreous, pink, white and
reddish-parple slightly feldspathic quartzite, locally crossbedded. The
observed thickness is 70O feet, obviously less than the originsl maximmn.
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Bocks of the Missoula group near Missouls, Mont.
Distribution.-~The subdivisions of the Missoula group established

by Clapp snd Deiss (1931, p. 677-688) and modified by Nelson and Dobell
(1958, in prep.) ars based on exposures in an srea extending nearly

10 miles southesast of Missoula and eastward past Bonner, thence north

and northeast along and near the lower reaches of the Blackfoot River.
Similgr suddivisions are present (Langton, 1935) from Missoula southward
to beyond latitude 46*ha'.

Character.--The table below shows the relations between the couwponents
of the Missoula group mapped by Nelson and those earlier descrided by Clapp
and Deiss. The name Sheep Mountain formation used by Clapp and Deiss wes
found to be precccupled and Pllcher quartzite was substituted. The Hellgate
Quartzite at its type locality was found to be such & locsl unit thet it is
best regarded as a member within the Miller Feak argillite. The mapping
showed that ancther gquartzitic wnit (the Bonner) needed to be establighed

higher in the sequence.
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Subdivisions of the Missouls group nsar Missoula

According to Nelson According to Clapp and Dediss
Pilcher gquartrite Sheep Mountain formstion
Carnet Range quartzite Garnet Range formation
YeBamara argillite ¥cNamara formation
Bonner quartgite

Miller Peak @/ Eellgate formation

te quartzite pember
argillite Mller Peak formation

Langton (1935, p. 36, fig. 3) hes mapped units scuth of Missoula that
he speaks of as the Spokane and Helens formations, which he regards as
stratigraphically sbove the Newland limestone. If thay are actually atove
the Newland limestone, they belong to the Missoula group of the present
report. Further vork is needed om this point. From reconnaizsance by
the writer, from Langton's data, and from Nelson's work it is delieved
that the rocks called Spokane and Helena by Langton, belong to Nelson's
Miller Pesk argillite and the underlying Hewland limestone. Clapp and
Deiss show their basal unit in the Missoula group at Missoula (1931, fig. 3)
resting on the Wallace (Newland) limestone, snd do not exmploy the term
“Helens limestone”™ in the area. They do, however, regard the upper pert of
their Wallace as correlstive with the Helena limestone (1931, p. 65).
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Langton describes his Spokane (1935, p. 36) as consisting of a lower
part, 2,000 feet thick, of greenish-gray, in part calcarecus argillite,
with ripple marks, and an upper massive to thin-bedded lavender gquartzite
of unstated thickness. Sample ID-14950 in table L is considered to
represent the Spokane of Langton. It also resembles the Miller Pesk
argillite, being a lamimated grayish-red-purple argillite with ripple-marked
bedding planes and with incorspicucus, small mud spalls. It consists
largely of interlocking quartz grains 0.03-0.06 millimeter in dismeter,
most of which are clearly recrystallized. Carbonste graing are irregularly
distridbuted and may constitute 10 percent of the whole. Mica and chlorite
are scattared throughout. A little zircon is present. Hematite is fairly
abundant.

Langton describes the rock he called Helena (1935, p. 36) as
thin-~ , argillacecus, and sideritic limestone, locally dolemitic.
The beds westher btuff or cream and many show "molar tooth” structurse.
Such a description would fit much of the Wellsce, Newland, and Siyeh
limestones of the surrounding region and does not accord at all closely
with the Helena limestons of Helena. The sample supposed o represent
Langton's Helena limestons, ID-14750 in table 5 svmpaedli®: 1z a
decidedly impure carbonste rock not at all like the Helena limestone
near Helena. Langton sssigns a thickness of 4,000+ feet to his Helema,
whereas the Helena limestons was originally described (Walcott, 1899,

P. 199-215) as 2,400 feet thick and in parts of the Big Belt Mountsains
is far thinner (Mertie and others, 1951, p. 20). Thus, langton's
carrelation is of doubtful validity.
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The lowest unit in the Missoculs area that is recognized by all as
s component of the Missoula group is the Miller Pesk argillite. KNelson
{1958 in mress) has redefined the unit so named to include the Miller
Pesk and Hellgate formations of Clapp and Deiss and the lowest of the
three nexbers of their McNemara formation, becsuse he found it impossidle
to trace the Hellgate formation throughout his map ares.

The Miller Peak argillite of FNelson is composed of reddish and
greenish silty argillite, and argillacecus quartzite. Silty argillite
is somevhat more abundant than argillaceous quartzite, and reddish hues
nore commonr than greenish cres. locally pale-red, tan, and light-gray
quartzite and light-gray inpure limestone are present. Miuch of the
argillite, irrespective of color, is laminated. Some of the laminse are
rich in nevly developed very fine grained chlorite and sericite, giving
them a charactsristic sheen. Detritsl mica, oriemted parallsl to bedding,
occurs in varying smounts, especially at the tops of the finer, nore
argillacecus lsyers. Small-scale {up to 20 mm amplitude) mecour and £111
structure 1s coomon. Mud cracks snd ripple merks cccur throughcut the
formation. Bedding planes in the quartzose rocks may be lined with thin
layers of argillite, commonly ripple marked and mud cracked.



Nelson dascribes the lower few hundred fset of his Miller Pesk
argillite as light greenish-gray laminated argillite. The laminae
sre 0.8 to 12 millimeters thick and locally show small-scale scour snd
£111 structures. The rocks veather resdily and bave a light-yellowish-brown
rind on weathered surfaces. The argillite is slightly calcarecus locally
and contains a few intercalated lenses of carbonats rock.

The Hsllgate gquartzits member is composed of grayish orange-pink,
pale-red, and grayish yellow-green medium-~grained, somewhat argillscecus
quartzite. The beds are 8 to 36 inches thick and are loeally msrked
by thin layers of dark minerals, probably mosily hematite. Thin beds
of reddish-gray argillite and siliceous arglllite are scattered throughout
the member. Two of the rocks Tweto studied are from the type locality
of the Hellgate formation of Clapp and Deiss in the canyon of the Clark
Fork near Missculs. One of these 1z a green~gray massive dolomite and
exrkosic quartzite. It contains quartz, dolomite, sericite, and feldspar
with the usual miner constituents. Sericite is the principal component
of the groundmsss, and the dolomite forms distinct grains and masses.

The clastic grains are angnlar. About two-thirds is silt, and the
rexsinder the sixze of very fine sand. 'Ihsctherm?kfmthisloulity
is & lavender, thinly laminated argillite. It contains dolomite, sericite,
quartz, feldspar, and argillaceous materisl plus minor constituents.
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The Hellgate formetion of Clapp &nd Deiss, according to Nelsom,
camnot de mapped far {rom the rallroad cut near Misscula vhere it wvas
first recognized. It differs from the rest of the Miller Peak argillite
of Helson mainly in its higher ratioc of quartsite to argillite. It is dut
one of several zZanes, probably all local, at various horizons with the
Millsr Peak argillits. Nelson reports no discernible differences
betveen the rocka sbove and below the Hellgate unit. Thus, the Hellgate
1s best regarded as a member, mspped in one locality only, rather than
as a formation.

According to Clapp and Deiss the lower 1,100 feet of their Miller
Peak forrmation are overlain by 1,500 feet of mixed purple and green-gray,
sandy, mud-cracked and ripple-marked argillite, interbedded with some
masgive argillacecus sandstone and a few thin beds of fine-grained,
parple-gray argillite. The purple beds weather to a dull red-lavender color
and the greenish ones to a dull gray. Above these are 300 feet of
massive- to thin-bedded argillsceous sandstone, becoming increasingly
sandy upwvard.
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Helson estimates the thickness of his redefined Miller Peak argillite
a8 5,200 feet, of which about 1,200 feet 1is represented by the Hellgatse
mexber where that has been zapped with 3,800 feet of beds delow that
member and 1,000 feet above it. Clapp and Deiss thought of their
Hellgate formation as 2,200 feet thick and the Miller Peak argillite
below it as 2,900 feet thick.

The descriptions of the Miller Peak and Hellgate formations by
Clapp and Deiss (1931, p. 678-630) seem significantly different from
the summaries by Nelson and Dobell (1958, in press). Some of the
differences may well result from lateral varistions so that the two field
parties did not pass over the same rocks. Clapp and Deiss say that the
lower 1,100 feet of the Miller Peak formation is composed of deep red-purple
gandy argillite with some siliceous, sandy, massive~ to thin-bedded purple
argillite and & fev thin beds of fissile, gray, sendy, mud-cracked
argillite. Near the top of this lowver part of the formation, beds of
micaceous argillite appear. Most of the rocks westher to a charscteristic
dull purple-lavender color. This description lesves no room for the
greenish-gray beds Nelson reports at the base of the formation. Either
Clapp and Deiss did not encounter these rocks along their lines of
traverse or included them in the underlying limestone unit. Attention
may be called to the fact that, as noted above, the Spruce formation of
Campbell near Superior, 3,000 feet thick, closely resenxbles the green
argillites vhich Nelson describes, in stratigraphic position and
character.
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Nelson has introduced s new formstion name, the Bonner quartzite,
for the rocks imnediately overlying his Miller Peak formetion. The
rocks are somewvhat ar¥osic, pink or red quartzite in beds 4 inches to
6 feet thick. Crossbedding is common and readily discernible because
of slight color differences. Bedding planes throughout temd to be
marked by indistinct light-green layers. Thin beds of red argillite
are interspersed among the quartzite beds. The mineral grains in the
quartzite averages sbout a quarter of a millimeter dut some are a&s much
as 12 millimeters across. A little montmorillonite and 1l1lite 1s present.

Clapp and Deiss describe their McNammra formation as composed of
thres members. The lowest consists of drab-green-gray to purple and
maroon micaceous and sandy argillite. The propartion of sandy material
incresses upvard and beds of massive, sandy quartzite appear in the
upper part of the memder. Thim part of the original McNawara formation
should correspond to the part of the Miller Peak srgillite of Nelson above
the horizon of the Hellgate member. However, Clapp mnd Deiss credit it
with a thickness of only 4LOO feet vhereas the part of Nelson's Miller
Peak above the Helligate menber should, according to him, be about 600 feet

thicker than that.
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The middle member of the McHamara formation of Clapp and Deise

corresponds approximately to the Bonner quartzite of Nelson. Clapp
and Deiss say the lower 40 feet consists of msssive, gray-green,
coarsve-grained, ripple-merked and crussbedded sendy quartzite. The rest
of the menmber includes messive beds of pink-white and red-gray, pxe
coarse- to fine-grained quartzite. This rock is crossbedded and
ripple marked and westhers to a dull-rusty-buff color. Toward the

top several thin beds of ssndy argillite appear. Clapp and Deiss report
the middle member of the McFamsra formation vhere pessured as 810 feet
thick. Relson agrees for that locality but thinks that the best average
thickness is 1,500 feet. Variations in thickness due in pert to original
differences, in part to the resulta of deformation are present.

Relson proposes to restrict the name MeNamara arglllite to inelude
only the upper member of that formstica as defined by Clapp and Deiss.
He describes his restricted McKamars argillite as composed largely
of reddish and greenish argillaceous siltstone snd argillite with minor

-

[

amounts of more gquartzose rock, all similar to scme of the rocks comprising
the Miller Peak argillite except that they contain less detrital mica, and
new chlorite is less coarsely recrystallized. A little 1llite is present.
Some of the beds of green argillite in Nelson's McNamara formation contain
thin layers and rounded bodies of dense sericite which resemble chert

and probvably represent metazorphosed clay layers and galls. Nelson
estimetes his McHamars arglllite to be 4,000 feet thick,
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Clapp and Deiss say the corresponding rocks consist mainly of bright
green and red, fine-grained, mud-cracked and ripple-marked argillite.
Danse, fine-grained, chertlike green argillite is irregularly interdedded
with the more massive strzta. Clay galls are present in the upper part
of the unit. They xessured the upper nember of their McNamara formation
as 1,780 feet thick, in contrast to the 4,000 feet estimated by Nelsmm.
Clapp and Deiss enphasize the gradational upper comtact of the McEamaxa
formation, vhich may account in part for the apparent discrepancy.

Tweto (1937, p. 45-86, op cit. p. 155) describes a rock from the
McRamars argillite (as restricted by Eelson) from the cenyon of the
Blackfoot River sbove Bommer. It is & dark-green, thin-bedded,
ripple-marked chloritic and srkosic qusrtsite containing chlorite, quartz,
feldapar, and the common accessories. The chlorits constitutes the cement
snd also masses resulting from the decomposition of mafic grains. The
quartz grains are rounded to subanguler and those of feldspar are
subrounded to angular xnd poorly sorted. The grain size range 1is
T percent silt, 33.0 percemt very fine sand and 61 percent fine sand.
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The GCarnet Range quartzits is next above the McHaxera. Nelson
mmrMmumeM-mmu,
mixed with slightly less dark-greenish and dark-grayish argillite, shale,
and sandy argillite, with & noctable content of detrital, mica, and a little
montzorillonite. Wherever he observed it the Garnet Range quartzite is
intricately folded and comtorted, in large part isoclinally. Crumpling
of this sort is so much more marked in this formstion than in the others
as to constitute a characteristic featurs and to interfere vith estimates
of thickness. Nelson estimates the Garnet Range quartzite to be only
1,800 to 3,800 feet thick snd explains the discrepancy between this and
the 7,500 fest memsured by Clapp and Deiss on the besis of structural
coxplexities by fault repetition sand the erumpling just mentioned.

Clapp snd Deiss say the lower 1,500 feet of their Garnet Range
thumwxm,mmwm,m-m,mm,
coarse-grained quartzite, with argillacecous and coarse-grained guartzite
sandstone near the bess. This member is followed upwerd dy 600 feet
of black-gray to dark-blue-gray sandy micaceous argillite. Next in
succession is 1,000 feet of brown to green-gray argillaceous, micaceous
sandstone and sandy quartzite, overlain in turn dy 1,500 feet of

thin-~ , bhrowm-gray-green-gray quartzitic sandstone.
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The next member listed by Clapp and Deiss is composed of masasive,
coarse-grained, pink-wvhite, crossbedded, pure gquartzite sbout 3,000 feet
thick. Nelson interprets this member as an infaulted block belonging
to the Pilcher quartzite, (the Sheep Mountain quartzite of Clapp and
Deiss), the next unit sbove the Carnet Range quartsite. If the deds
below the supposedly faulted quartzite block correspond to the entire
Garnet Range guartsite, crumpling must bave thickened them 1,000 feet
to correspond to Nelson's estimate of the Garnet Range quarizite as
3,800 feet. Clapp and Deiss report a thickness of 3,050 feet of browm,
green~brown, and red-gray-btrown micacecus and sendy thin-bedded, locally
argillaceocus, quartzite above the gquartzite block. According to Nelson's
interpretation this would constitute a repetition of part of the deds
below the quartzite block, The sumzary here given is taken from the
text of the report by Clapp and Deiss. It does not sgree, particularly
in the thicknesses of the conponents, with the messured section tabulsted
in the same report. Perbaps the thicknesses cited in the text are |
without allowance for overthickening because of crumpling.
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the Garnet Range quartzite at one locality (Clapp and Deiss, 1931,
p. 5682}, Nelson hss found fossils of lower Paleozoic age in this
limestone. These and the lithologic character of the limestone make
& Middle Cambrian age probeable. The rocks are decidedly dissimilar to
the Devonian rocks of the region and all known pre-Devonian-post-Proterczoic
carbonate rocks in northvestern Montans are believed to be of Middle
Cemtrian sge (Deiss, 1933, 1935, 1938) and not & part of the Belt series.
Thus the assigament Dy Clapp and Deiss mist be in error. The limestone
is not, as they supposed, & lens in their Garnet Range quartzite. Instead

it is a separate body of post-Belt strata.
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The highest part of the Missoula group in the Misscula area was
named the Sheep Mountain quartzite by Clapp and Deiss. The name wves
changed to Pilcher quartzite by Nelson, becsuse the name Sheep Moumtain

' iz pre-occupied. Helson says it is composed of coarse-grained,

crossbedded, light-pink to dark-purplish-red vitreous quartzite. The
beds are 1 inch to 10 feet thick. The most striking feature is the
crossbedding, rendsred comspicucus by color contrasts. Ths bottom of one
stratus may be mderate red and the top of the underlying stratum may
bte pale orange pink. Some beds, especially high in the sequence, are
wmiformly deep red and certain of these have apotas end stringers bleached
to a cresm color. HNear the top some beds are reddlsh black. The
quartzite of the Pilcher quartzite is relatively pure dbut contains some
argillaceous material, and a few scattered feldspar grains. It does
not however, contaln as much feldspar as similar rocks at lower horizouns.
In this respect it respmbles Flathead quartzite. HNelson estimates the
thickness as 1,000 feet. EHe says the formation appesrs to grade upward
into quartzite of lower Paleozoiec sge and suggests that some of these
and perhaps also of the beds now assigned to the Pilcher quartzite may
be correlatable with the Flathead quarteite of Middle Cambrian age. If
this proves to be correct, the upper part of the Missoula group in this
area would be of Early Cambrian age.
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The description of the Pilcher quartzite, (then Sheep Mountain
formation) given by Clapp and Deiss is similar to that Just given except
that they call attention to clay galls near the top and botiom of the
formetion and regard the thickness as 2,300 feet. This suggests that
they include with the Sheep Mountain formation the quartzite above it
that Nelson says 1is of lower Paleozolc, presumably Middle Caxmbrian age.
Clapp and Deiss make no reference to Paleozoic beds sbove the Sheep
Mowntain formationm.
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Rocks of the Belt series in and neay the

Qvando and Silvertip quadrangles
Distribution.~-In the broad area between Bonner and Helena and the

north as far as latitude 48° rocks of the Belt series are alundant.
Most belong to the Missoula group but older units of the series are
included, especially near Helmsville and Lincoln and in the Swen Range.
The geneval distribution of the various units 1s known from published
descriptions and unpublished maps by C. P. Deiss and C. H. Clapp (1931,
Deigs, 1935, 1943a, 1943b). Large areas of the Belt series especially
south of latitude 47®, have as yet been mspped in reconnaissance only
but measured sections by Clapp and Deiss (1931) are availsble. Recent
work near Bonner (Nelson and Dobell, 1958, in prep.) has resulted in
minor modifications of the nomenclature of Clapp and Deiss theve. Also,
Clapp snd Deisa carried some well-known nemes farther from their type
loealities than seems advisable.

The Miller Pegk argillite, mﬁaﬁm,wm

e been

and Ahorn quartzite of Clapp snd Deiss/recorded in the Ovando, Coopers
Lake, Silvertip, and Saype quedrangles.
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Character,.--For aress near and south of latitude 47° available
lithologic descriptions are masger. In general the rocks have the
charactaristics displayed neer Bommer, already suzmarized. Tweto
(1937, p. 21-26, op. cit. p. 155) has described in detail meny rocks
from areas near this latituds. Of these, 8 are regarded by him as
belonging to the Miller Peak argillits of Clapp and Deiss. Six of these
came from a ridge a couple of miles southemst of Cottonwood Lake in
T. 15 K., R. 14 ¥. One of this group is described as light-blue-green
laminated arkosiec argillite containing quartz, orthoclase, plagioclsase,
and argillaceous matter with minor amounts of chlorite, sericite, calcite,
mscovite, epidote, spatite, zircon, green biotite, magnetite, and
sillimenite. Anocther rock is s pink-gray, massive, coarse, mud-cracked
ferrugincus quartzite with interlaminated thin flakes of dark-masrcon
argillite. It consists of quartz and hemstite with minor amounts of
orthoclase, sericite, chlorite, megnetite, titanite, apatite, zircom,
and calcite. The original quartz grains were rounded and subrounded but
addition of later guartz has produced an interpenetrant mosaic. Grain
sizes are silt size 1 percent, very fine sand size U percent, fine sand
size 21 percent, medium sand size 61 percent, and coarse sand size

ngpereent. A third rock is a laminated light~ and dark-marcon argillite
composed of quartz, orthoeclase, plagioclase, snd hemetite with minor quantities
of muscovite, tourmaline, calcite, chlorite, sericite, magnetite, i1lmanite,
spatite, green and brown biotite, epidote, grossularite, snd zircon. The
feldspar gralns are much altered. Elongate hematite masees give a banded
appearsnce to the thin section. Over T0 percent of the grains are gilt
size and the rest the size of very fine sand. Another of these rocks is
133
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& greea-gray, thin-bedded calcarecus quartzite showing mud eracks and
ripple marks. Thin laminse of white calcarecus quartzite alternate with
light- end dark-green argillite. The essential minerals are quartz,
orthoclase, plagioclase, calcite, and the minor comstituents inelude
argillaceocus material, muscavite, sericite, chlorite, magnetite, hemstite,
titanite, zircom, grossularite, rutile, sud towrmaline. The feldspar
grains are altered. Calcite is in grains in the quertz mosaic. Some of
the chlorite sggregates may correspond to originsl mafic minersls. The
grains are subrounded and subangular. In the coarser laminae 3 percent
are silt-size, 15 percent the size of very fine sand, and the remainder
that of fine sand. Ancther rock ls a green-gray, btrown-weathering
gquartzitic argillite with laminae and flskes of dull-purple micacecus
argillite. The conatituent minersls are similar to those in rocks
dsscridbed adbove. The component grains are sngular and subangular snd
T4 percent of them are silt size, with the rest a little coarser. Still
another rock from the ssme locality is light-green, buff-westhering,
thin-bedded argillite that consists mostly of argillacecus matter with
s little quartz, sericite, feldspar, and sillimanite. The last of the
group i3 a red and green calcareous quartzitic argillite with interspersed
flakes and laminse of fine-grained ferruginous red and green argillite.
The components .are adbout the same as those listed sabove. The grains
&re pocrly sorted and mostly subangular. m'iangtrmméopereentof
silt size through 30 percent the size of very fine sand to 1l percent of
fine-sand size. Some specimens from the Miller Pesk argillite contain
small amounts of illite and momtmorillonite but mich of the rock has no

detectable clay mineral.
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The general description published by Deiss (1Sh3a, p. 213, 215-215)
shows that the Cayuse limestone includes dull-gray, crystalline, buff,
tan-weathering, dolomite interbedded with pale-marcon and green-gray,
fissile argillite vhiich grades upward into alternating zones of shaly
calcarecus argillite and gidaritic and dolomitic marble. The upper part
of the unit is blue and dull-gray, thick-fw&ed, finely oolitic and
coarsely cryatalline algal limestone. The total thickness is about
1,000 fest. "

Details have been provided by Tweto, who has described 1h specimens
thought to belong to the Cayuse limestone, of which 4 are from T. 15 N.,
R. 14 W., and the rest from T. 17 K., R. 14 W. One of the first four is
& green areanacecus and calearecus arglllite composed of calcite, quartz,
argillscecus material, and minor amounts of orthoclase, microcline,
plagioclase;, mscovite, chlorite, sericite, biotite, graphite, dolomite,
and epidote. It contains angular silt graing of quartz and feldsper
in a matrix of calcite and argillacecus material. Another is a
laminated light- and dark-greem and buff quartzitic argiliite. A third
is a green calcareous argillite with much the same composition as the
first two. The feldspar is much altered. The grain size ranges from
32 percent silt through 47 percent very fine sand to 21 percent fine sand.
The fourth rock is pink vitreous arkosic quartzite with sparse flakes of
dull-maroon and purple, laminated argillite. The rock consists of quartz,
orthoclase, microcline, and plagicclase with minor gquantities of chlorite,
biotite, hematite, ilmenite, graphite, epidote, titanite, apatite, tourmaline,
gircon, snd rutile. The grains are 65 percent silt size, 30 percent the
sige of very fine egsand and the rest that of fine sand.
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One is a light-green~gray impure cryptocrystalline laminated
linestone. It consists dominantly of calcite but contains some pyrite,
chlorite, muscovite, orthoclase, dolomite, plagiceclase, quartz, snd
ilnemite. Ancther rock is & dark-green, thin-bedded argillacecus,
calearsous quartzite of the usual composition. Chlorite is dominant
in the groundmess. The feldspar grains are sngular clesvage fragrents,
Mymm. The size range is 45 percent silt, 2% percent

very fine sand, and 30 percent fine sand. A third rock is a light-gray-green

and gresn laminaied calcarecus gquartzite with thin laminse of green
fine-grained argillite. It contains S1 percent quartz, 38 percent
feldspar, 9 percent calcite and some muscovite, sericite, zircon, btiotite,
chlorite, monozite, Tutile, tourmaline, grossularite, apetite, magnetite
and ilmenite(?). The grain size rangs is 1k percent silt, 37 percent
very fine sand, 41 percent fine sand, and 8 percent medimm send. HNearby
& green impure dolomite wes obiained. This consistz mainly of dolomite
wvith a ltttle pyrite, guartz, sericite, and graphite. A fifth roek is s
light-gray-green vitreous guartzite with thin lsminae of grees argillite.
It contains 57 percent quartz, 31 percent feldspar, and some calcite,
chlorite, sericite, tourmsline, epidote, and siderite. The grain size
renge is 20 percent fine sand, 43 percent medium sand, and 39 percent
coarse sand. @mc}%akatm-m,wmdimmmm
consisting of nlc:t?, quartz, orthoclase and plagioclase with some
dolomite, muscovite, scricite, zircon, and chlorite. The rock is
crossbedded on & microscopic scale.  Another rock is a light-green
silicecus limestone, consisting of calcite, quartz, and feldsper with
some dolomite, muscovite, zircon, rutile, sericite, argilllacecus ratter,
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chlorite, and graphite. ILike the one just memtiomed, it is microscopically
crossbedded. An arkosic rock nesrdy contains quartz, orthoclase,
plagiocclsse, perthite, and microcline, with the usual minor constituenta.
Hxlf of the grains are silt size, the rest aslightly larger. Ancther of
the rocks is & green~gray, thin-bended impure limestone with structures
that may be stromatolitic and veinlets of graphite bvordered by
argilliacecus material.
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The Cayuse limestons is ocne of the various limestons bodies
intercalated in the Missoula group. Like many of the others it
includes much clastic msterial. As alresdy noted, some such units have
been called Helena limestone but the correlation thus implied rests om an
insecure foundstion. The unpublished map of the Ovando quadrangle shows
& unit termed "Helena limestone” below the Miller Peak argillite and
one called Spokane guartzite delow that. In accord with the usage of
Clapp and Deiss, Tweto (1937, p. 18-21, op. cit. p. 155) assigned four
of the specimens he described to the Helena limestone. One is from about
8 miles north of Ovando.
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This rock is & dark-blue-gray colitic limestone with scattered
pebbles up to 25 nillimeters long. It consists of calcite and quarts
with some dolomite, and argillacecus materdal. The oclites show a
1ittle concentrie structure and all show radial structure emphesized
by limonite. The ceunters camonly consist of limonite-stained dolomite.
The oolites are elliptical with their long sxes parallel. Each oolite
is partly or wholly surrounded by a corona of prispatic quartz. Two
other specimens are frum north of the upper reaches of the Dearborm
River. One of these is oy, oolitic limestone consisting of calcite
and some argillaceous cryptocrystalline limestone. The second rock
specimen described is a portion of a stromatolite. Twetc speaks of this
as 8 brown~gray argillacecus limestone. It consists of calcite snd
srgillaceous material with rare collophene fragments and some limonite.
It is finely laminated as viewed under the microscope. Ancther sample
fzmmrthatLimolnisfarem:&hmtsothatitwbemchig
rocks assigned to Helens limestone. This is described as dark-blue-gray
dense argillacous limestone containing a little quartz and carbonaceous
matter.
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Deiss (1943a, p. 213, 216-218) has described the Hosdley formetiom
and the Aborn quartsits sbove his Cayuse limestone. The Hosdley
formation is dark-gresn-gray snd marocom, thick-bedded, siliceous argillite
with some vitrecus gquartzite, overlain by red and bizrr, arsnacecus,
calcarecus sxrgillite and fine-grained sandstone that grades upward into
gresuish-tuff~weathering calcareous sandstone, pink sandstone and
argillite. The upper part of the formstion is brilliant and dark red,
soft, thin- and thick-bedded platy ripple-marked sandstone, with some beds
of pale-red argillits. The estinmated thickness of the formation is
4,100 feet.

The Ahorn quartzite (Deiss, 1943a, p. 213, 217-218) is coarse- and
fine-grained quartzite with occassional beds of red quartzite in the
lower 1,700 feet, overlain dy green and red-gray thin-bedded argillite
and & few thin beds of fine-grained sandstone in the upper 400 fest of
the formation.
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Rocks from neer Ovando and presumably from the Hoadley and Ahorn
formations, or nearby strata, have been described by Tweto (1937,
P+ 37-#4, op. cit. p. 155). Six of his specimens come from a ridge
in T. 16 N., R. 14 W. Of these, oue is s light-purple and maroon,
coarse, vitrecus quartzite consisting essentially of hematite, quartz
sand feldspar, with minor smounts of magnetite, muscovite, chlorite,
dolomite, green biotite, epldote, titanite, sericite, and zircon. Under
the microscope, the rock is lsmminated with the fine-grained laminme rich
in hemxtite, and the coarser ones consisting of an intergrown mosaic of
sngular graing of quartz and feldspar with abundant chlorite and hematite.
Magnetite is common and is derived from biotite. Microcrystalline
dolomite is also abundant. The grain size range is 52 percent silt
size, 40 percent very fine sand, 9 percent fine ocand. A second rock is
an izpare, laminated maroon and ping dolomite with hemstite laminge.
It is composed of dolomite and hematite with minor amounts of quartz,
feldspar, tourmsline, chlorite, muscovite, and magnetite. Angular quartsz
and feldspar grains are sbundantly distributed in a micro-ito
cryptocrystalline dolomite groundmess. The grain size range is 29 percent
eilt, 31 very fine sand end 20 fine sand. Another rock is a buff to
salzon, soft, thin-bedded arkosic sandstone. It contains quartz,
feldsper, and sericite, with minor emounts of ilmenite, tourmaline,
titanite, zircon, and mscovite. The cement is mainly sericite. The
grain sixze range is 9 percent silt, 35 percent very fine sand, 30 fine
sand and 5 percent medium sand. A fourth rock is a tan-pink arkosic
quartzite containing quartz, sericite, and feldspars, with the usual
accesscry minersls., The grains are sharply angular and are srranged
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with their long axes parallel. The feldspars are gericitized in varying
degree. Aﬁfthmkhahri@t-redagilﬁt&eontﬁﬂnsm&
laminae of sargillacecus quartzite. It consists of hemamtite and sericite
with minor smounts of quartz, feldspar, dolomite, magnetite, muscovite,
snd titanite. The agrain size range is 33 percent silt, 46 percent very
fine sand and 21 percent fine sand. The sixth rock described is a
uef-salmon, coarse, arkosic quartiite, consisting of quartz and
feldsper with minor smounts of sericite, ilmenite, hematite, epidote,
chert(?), and alteration products. The feldsper is fresher and the
grains of quartz and feldspsr are better rounded than in most specimens
described. The grain size range is 7 percent silt, 3 percent very fine
sand, 38 fine sand, 45 percent medium sand and 10 percent coarse sand,
sc this is an exceptionally coarse rock by comparison with others of
sinilar stratigraphic position.
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Three specimens from about the sawe horizon as those just
described but from T. 17 N., R. 1b ¥., were studied by Tweto. One of
these is a laminated, msrvon, purple, and light-green argillacecus
dolomite consisting of dolomite and argilliscecus meterial, with minor
quantities of quartz, feldspar, muscovite, titanite, sericite, zircon,
hematite, and magnetite. Another rock from the esme general locality
is & lsminated red, pink, and salmon vitrecus dolomitic arkose. It
contains dolomite, guarts, and feldspar with minor smounts of muscovite,
hexatite, megnetite, chlorite, tourmsline, and epidcte. The dolomite
coustitutes the microcrystalline matrix of the rock. The feldsper,
mostly orthoclase, is in sharply angular cleavage fragoents. The grain
size range is 35 percent silit, Ll percent very fine sand and 24 percent
fine sand. A third roek is & thinly laminated red and pink, mud-cracked
dolomitic and arikosic quartzite. It contains dolomite, hematite, quarts,
and feldspar with minor amounts of magnetite, muscovite, zircon, and
chlerite. The dolomite forms a crystalline cement for angular,
silt-size grains of gquartz and feldspar. A fourth rock, is a green,
chloritic graywacke whose essential minerals are gquartz, chlorite, and
feldspars. Subordinste constituents include puscovite, green biotite,
epidote, glauconite, grossularite, titanite, and sericite. The reported
presence of glauconite is of interest in a rock of this character and age.
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Roeks of the Migsoula group in and south of
Glacier National Park

Distribution.--Only fragoenta of the Missoula group remain mostly

on the higher peaks, within Glacier National Park. West of the upper
reaches of the Flathead River it is extensively exposed, although little
known. From the southern border of the Park southward to the area near
Missoula just described end east of Flathesd Lske it forms broed
expanses, especizlly on the northeastern flanks of the mountain ranges.
It is, however, absent in the closely spaced ridges of the dorder of
the mountains east of the North Fork of Sun River. The rocks of the
Missoula group south of latitude 38°00' and in the genmeral viecinity of
Ovando and north of Lincoln have already beem described.

Character.—~0nly & fev of the components of the Missoula group in
this broad region are sufficiently well-known to be assigned formal
names. Even some of the formations named by Willis (1902) are inadequately
or incompletely mapped. The rocks of the Misscula group in this region
are broadly similar to those near Missoula except that carbonate rocks
similar lithologically but not stratigraphically to the Siyeh limestone
of the Piegan group are more plentiful.



Lo

[

In and close to Clacier NHaticnal Park the Purcell besalt and various
sedimentary components of the Missoula group heve deen mapped (Ross,
1958, in press). These include a stromatolite zone, sn unnamed unit of

greenish calcarecus argillite, one of green and another of pinkish argillite,

as wall as several limestone masses. Each of these, and probebly others
are expected to become formations vhen detailed studies are undertaken
in the region.

The greenish calcareocus argillite locally distingnished at the base
of the Missoula group, near Glacier NHational Park is transitional with
the limestone of the Plegan group below, but is included in the Missoula
becsuse it ias dominantly argillacecus. Also the lithologic change is
sharper at the base than at the top of this argillite. The unit is
nearly contimiwous in the northern Swan Range, and bas been noted in the
Flathead Range and locally farther north although it thins in that
direction. VWhere it is especially well developed the thickness is
500 to 800 feet. This unit may correspond more or less closely to the
hltlynﬂottheniller&kugimuwmm.
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The Purcell dbasalt, that in places within the Park is conspicuocusly
intercalated in the lower part of the Missoula group, i3 an irregularly
amygdaloidal, effusive basalt with pillow structure. Fresh surfaces are
greenish gray to almost black, locally purpliah. Weathered surfaces are
stained drownish. The rock is 100 highly altered for precise determination
but originsted as a basalt containing calcic plagioclase, asugite end some
clivine. Traces of diadasic texturs remain. The feldspar nov approximstes
oligoclase or albite-oligoclase but may originally have been labradorite.
Much of the rock consists of a fine-grained, nearly opague aggregate of
secondary minerals that include chlorite, sulfides, calcite, quartz and
possidbly serpentine.

The basalt in the Park is 100 to 275 feet thick and in different
loealities consists of from 2 to 8 or more flows., In some places
srgillite separates the flows.

The Shepard formation is at present recognized only within Glacier
Hstional Park, where it overlies the Purcell basalt. The principal
component is fairly purs dolomite but some beds are argillacecus and
silicecus and a few are conglomerate with pebbles of lava. The dolomite
westhers to a distinctive color that ranges from pale yellowish brown to
grayish orange. The matrix consists of dolomite grains about 0.01
millimeter in diameter but embedded in this matrix are numerous oval
masses up to 4.0 millimeters long that comsist of carbonate grains up to
0.2 millimeter in diameter. Perhaps these ovals are thoroughly

Some beds are reported to contain

stromatolites. Some illite and montmorillonite are present. The maximun reportc

thickness of the formation is TOO feet.
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Unnaned, more or less lenticular bodles of carbonate rocks of
mappadble proportions are present in the Missoula group of the region
at various horizons. Perhaps some of these may prove to be essextially
equivalent stratigraphically to the Shepard formation. Most closely
ressmble the Siyeh limestone in sppearance and composition except that
they contain more argillacecus material especially in the thinner masses.
Segregation structures of one kind or ancther are plentiful. Some are
identical in appearance with the molar tooth structure for which the Siyeh
linestone is noted; others are so irregular sz to bear no resexblance to
the markings on teeth.

Stromatolite zones are fairly plentiful in the limestone dodies of
the Missoula group (Rezak, 1957). One of these, spproximately 6,000
fmmnmmammpmmmmum
Conophyton zone 2 (Ross, 1958, in press). This zome is about 100 feet
thick, has 5 subdivisions and contains only 2 stromatolite species.
These are Conophyton incluvium and Collenia frequems. Amth&m,

sbout 500 feet lowver in the section, is 35 feet thick. It contains
heads of Collenia symmetrica up to S5 feet high and 6 feet in diameter.

Cryptozoan occidentale and Collenia frequens are also present.
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The linestone masses just descrided very widely in dimensions. Here
and there throughout the Missoula group they occupy & few inches or a few
foet of strata. Most of the bodies that have been mapped are hundreds of
feet in maximum thickuness and one is as much as 3,000 feet thick.

The different umits above described are more or less local features
of the Missouls group in and near Glacier National Park. The main body of
that group consists largely of argillite that is softer and lass alliceocus
than most of the Grinpell argillite. In most places purplish-red deds
predominate, but yellow-green cnes are rarely entirely absent and some
Yeds are gray. Others are red to pink or, rarely, almost vhite. One
pass of green argillite was mapped separately but most are individually
too small to be thus distinguished. Distinetly purplish rocks are almost
entirely sbsent, a feature that aids in discriminating between argillite
beds of Missoula sge and those of the Grimmell. Quartzite, of varying
degrees of purity, is intercalated in the argiliite in many localitles.
In places, near the top of the group, it is the dominant rock. Ripple
marks are very common, and mud crecks and intraformationsal conglomerate
are frirly so.

p—d
§-
o



]

"

L.

-

i) T

a3

R

L

—

-

Moch of the argillite in the main body of the Missouls is composed
of more or less subangulsr grains with maximm dimensions of 0.05
mllizeter or lass. Some of the quartzite beds are made up of grains as
mich as 0.5 millimeter in diameter but moet eare distinctly finer grained.
The components of the ccarser beds are more perfectly rounded than those
of the finer layers. Socme of the rounded grains are coated with thin
films of sericits. Some recrystallization hss taken place dut most of
the grains have retained their original, clastic shapes.

The principal minersl in all the beds is quartz, but most contain
some feldspar, mainly rather alkmlic plagioclase. Sericite is plentiful;
chlorite is loecally present; and hematite dust is diffused through most
of the rocks. Clay minerals also occur. Carbonate, mostly calcite with
some magnesium carbonate therein, is present in meny of the deds and
conspicucus in some. The latter weather rusty.
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The Missocula group nesr and east of Helena
Digtridution.~-The Belt series was named {rom the mountains esst of

Helenas whers most of it belongs to formetions here correlated with the
Missoula group. These include the Greyson, Spokane, and Expire shales,
the Helens limestcne, the Marsh shals, and alsc the Greenhorn Mountain
quartzite recently named by Xnopf (1950, p. 839). These formations
axtand fully 50 miles north and south of Halena and occupy large areas
in the Big Belt Mowntains to the east of Helena. Essentially the same
formetions are videspread in the Little Belt Mountains alsc but mspping
thers is inadequate to delinests them. Some of these units extend at
least 25 milss northwest of Helema also.

Greyson shale.--~In the Little Belt Mountains the Greyson shale has

been described (Weed, 1900, p. 282) as composed of dark-gray or black,
fine- and coarse-grained siliceous shale. The lower part of the formation
is pearly gray because of the abundant sericite. The upper part is more
silicecus snd includes beds of sandstone a foot thick. The formatiom

is 955 feet thick.
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In the Big Belt Mountains the Greyson is prominent, thick, and,
Judging by descriptions, is varisble. According %o the original
description (Walcott, 16899, p. 206) the lower part is dark, cosrse,
8iliceocus, and arenacecus shale that passes upward into bluish-gray
almost fissile shale, mgnbnngapoorquantycfporcmin. This
is succeeded upward by dark-gray, silicecus, and arenacecus shale with
beds of buff sandy shale and sporadic layers of hard, compact, greenish-gray
and drsb siliceous rock. In the northern part of the Big Belt Mountains
(Tweto, 1937, p. 16, op. cit. p. 155) the formation includes dark
blue-gray quartzitic argilliite containing sericite, gquartz, colomite,
graphite, feldspar, zircon, puscovite, and touwrmaline. Along Deep Creek,
east of Townsend, the base of the formation includes quartzite interbedded
with shale and vith a basal conglomerate, composed of sand and pebbles
up to 8 inches in dlsmeter, derived from the underlying rocks of the
Belt series. The formation is adout 3,000 feet thick and the coarse
beds along Deep Creek sggregate 100 feet in thickness. The latter must
record & local unconformity between the Newland limestone and the
Greyson shale and may represent the North Boulder group of the present
raport or an isolated occurrence of slimilar rock, Walcott calls
stiention to the absence of the coarse beds at the base of the formation
in the part of the Little Belt Mountains described by Weed dut the
Fentons (1936, p. 610) report that horizon sbout 8 miles west of White
Sulphur Springs. There they found the Greyson to consist of bdblue-green
t0 olive-brown argillite and metasrgillite, westhering tc brown, shaly

slopes, with, near the base, pink to brownish guartzite or arkosic
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sandstone of variable thickness and containing conglomerate lenses.
Walcott (1899, p. 206, 235-238) reported trails and fragnents of
WmMemmhMmrmmmmum
Gz:ynnahnommgneepcrminmmmzmmmdm
Beihart in the Little Belt Mountains. The Fentons {1936, p. 616) dia
not find the trails and note doubts as to the crustaceans (White, 1929,
p- 393).
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East of White Sulphur Springs the formation consists (Temner, 1949,
Pe 12-;.&) predominantly of yellowish-gray to m-m, thin-bedded,
sericitic, fissile shale with few beds of hard argillite and some lenses
of soft, cslcite-cemented fine-grained sandstone., Immedistely north of
White Sulphur Springs thin beds of black limestone are comson in the
formation. The transition gone with the Spokane shale is 4O feet thick
snd contains buff, ssndy, ripple-marked shale vith lenses of deep red

argiliite and silty shale. The formation is somewhat over 2,000 feet thick.
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According to Pardee snd Schrader (1933, p.125) the formstion is
chiefly dark-gray shale that wesathers rusty brown. It has markedly
gradational contacts both at 2op and at bottom. The basal deds inclnde
much glate~gray shale in wvhich some of the lighter-colored beds are
thickly peppered vith brown specks regarded by Pardee as oxidized grains
of siderite. Next sbove the gray beds is soft, fissile light-gray to
pale-buff{ shale vhose layers have a shimvering pearl-gray costing. The
rusty brown specks are abundant in these beds also. Commonly slaty
cleasvage is so conspicucus as to obscure the bedding. The middle
part of the Greyson is mostly dark-gray shale, with which many thin
quartzitic layers are interbedded. Above this is several hundred feet
of dark-bluish-gray to wownish-gray, thinly lsminsted shale that
weathers drown. The transition zone at the top is 500 feet thick .
tut the dividing line with the overlying Spokane shale is so placed that
practically all of the red layers are included with the latter.
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The Greyson in the Big Belt Mountains is thought by Pardee to be
3,000 feet thick. In one place the appareant thickness is 5,000 feet tut
repetition by faulting is possidle.

Near Canyon Perry, east of Helena, the Greyson shale differs in
detail from that in the localities described sbove. Here (Mertie and
cthers, 1951, p. 18-19) the formation consists mainly of shale, siltstone,
and fins-grained ssndstone, all thinly and evenly beddsd. These rocks
are dark gray to dark drown vhere fresh but weather to sombre shades of
browm or red. Medium- to coarse-grained sandstone, locally conglomeratic,
ia present in the upper few hundred feet of the formation. These beds
are dominantly light drown or light gray but partly white or red. Some
are crossbedded and ripple merked. The transition zone tetween the
Greyson and the overlying Spokane formstion, 200 feet thick, consists of
red shale interbedded with light-eolored sandstone. The codact was

mapped at the top of the uppermost recognizable bed of sandstone. The
thickness of the formation near Canyon Ferry is 2,000 to 3,000 feet.
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One small exposure of rock supposed to belong to the Belt series
is known in the Big Snowy Mountains in or mear T. 11 N., R. 16 B., east
of the area of the present paper. This was asasigned to the Plegan growp
on the geologic mep of Montana (Rces, Andrevs, end Witkind, 1955) en
the basis of the scanty descriptions on record (Calvert, W. R., quoted
in Waleott, 1916b, p. 273-27h, Beeves, 1931, p. 145, Tweto, 1937, p. 16,
op. eit. p. 155). These rocks are mainly highly indurated limy shale,
aprocimating a alate or, ascording to Tweto, shaly dolomite. The
obgerved thickness is only 300 feet. Calvert suggested that the
carbonate may have been derived from meteoric water perecolating downwexrd
from Paleomnic limestons sbove. Twetc assigned the rock to the Greyson
shale on the basis of petrographic character. With the limita of the
groups adopted here, the most probable assignment of these isolated
exposures is to the Mlessoula group rather than to the restricted
Plegan group.
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Near Marysvills, north of Helena, (Barrell, 1907, p. 30) the
Greyson shale consists of dark-gray to nearly black siliceous and
arenscecus shale. Soxe portions are almost fisaile; others consist of
haxd, cherty strata with cubical jointing, Deep-dark-red aor purpiish
shaly beds are present loexlly.

South of Helena and east of the North Boulder River the Greyson is
Plentiful (Xlepper and others, 1957).

Thick uninterrupted sequences of rocks assigned to the Greyson are
reported (G. D. Robinson, written commmication) Just east of Toston
and in the northern Horseshoe Hillg. At the northern end of the
Horseshoe Hills nesr Sizteen Mile Creek the formation i1s not less than
6,000 feet thick where it is overlain conformably by the Spokane shale.
To the south the Spoksne and the upper part of the Greyson are missing
owing to pre-Flathead erosion, and at Big Devis Creek 10 miles south of
Sixteen Mile Creek the Greyson is only about 3,000 feet thick. East of
Toston, where the top of the formation 1s present but the lover part
missing, owing to thrust-faulting, the formstion appears to be much
thicker, not less than 8,000 feet thick. Far more than half of the
formation is dark yellowish brown and dark olive gray finely laminated
platy srgillite, partly derived from clay shale and partly from
silicecus siltstone. In the basal 1,000 feet are scattered layers of
coarse reddish-brown arkose and micaceous shale. At the top is more
than 2,000 feet of lighter colored rocks, yellowish brown and yellowish
gray, mainly argillite but with many thin beds of quartzite. Beginning
about 3,500 feet below the top of the formation in the Horseshoe Hills,
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is & sequence about 400 feet thick of thin-bedded dark-gray limestons,
interbedded with dark platy argillite. Only a little limestone appears
st a similar stratigrephic position east of Toston.

Spokane shale.--Near Neihsrt in the Little Belt Mountains the Spokane
is represented cnly by 210 fest of red shals (Weed, 1900, p. 283) and at
one place in this ares is missing entirely (Walcott, 1899, p. 207). Farther
south in the Little Belt Mountains snd also in the Big Belt Mountsins the

formation is videspread and conspicuous dut available details are scanty
(valeott, 1899, p. 207, Pardes and Schrader, 1933, p. 125-126, Mertie and
others, 1951, p. 19). It consists of silicecus argillacecus and
arenacecus, noncalcareocus shale, mostly deep parple red. Parts are altered
to greenish in spots, layers, or along zones several tens of feet thick.
The green material appears to be in part related to fractures or to
ignecus intrusions but locally may be original. Distinction between the
Spokane and the overlying Expire shale is dased mainly on the criterion of
red versus green color. Insofar as the green may result from local
alteration it is a wesk stratigrsphic criterion. Much of the Spokane
:m»mtheBithmmiswnmdmrlybeddsdbutmhu
slaty cleavage. The thickness there is 1,500 to 2,000 feet.



Borth of Eelsna the Spokane shale is widespread and thick. u.cng
Little Prickly Pesr Creek, south of the settlememt of Wolf Creek, the
formation (Clapp and Deiss, 1931, p. 691) is 4,500 feet thick.

Tweto (1937, p- 17-18, op. cit. p. 155) studied a rock from Arrastrs
Cresk, west of Lincoln, that he, following Clapp and Deias, regarded as
a component of the Spokane formaticn. This rock is a purple-gray,
thin-bedded arkosic quartzite containing querts and feldspar with the
usual sccessory minerals. The clastic grains are subangnlsr and subrounded,
in s silicecus cement. The grain size range is 22 pervent silt, 53 percent
very fine sand, and 15 percent fine sand.

Near White Sulphur Springs (Tanner, 1949, p. 14-17) the basal part
of the formation is argillite vith mumercus lemses of thin-bedded silty
gshale and some fine-grained sandstone, all deep red to chocolate except
for occasional stresks of dright greem which do not everyvhers accord
vith the bedding. The next few hundred feet conasists largely of argillite
mmmm:mummmmmmck. Throughout.
this part there are thin zones of grayish shale indistingnishadle from
that of the Greyson. Near the top of the formation silty shale and
fine-grained sandstone sre more commn than argillite. Those are
thin bedded, ripple marked snd mud cracked. Locally there are thin beds
of buff, impure limestone and at one place a stromatolite reef was noted.
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Iz the southern Big Belt Mountains the Spokane is reported (G. D.
Robinson, written commmication) to thin stesdily from sbout 2,000 feet
at Dry Creek in the southwest part of T. § N., R. & E. to O neer Sixteem
Mile Creek S miles to the south. Farther west, along the Missouri River,
the Spokane seems to thin similarly scuthward, from something like 2,000
feet in section 12 and 13, T. 5 N., R. 3 E. northesst of Toston to noe
more than a few tens of feet 10 miles southwest in the Lombard Hills, but
the situation is complicated by thrust-faunlting.

In and near T. 6 N., R. 6 B., beds that have been correlated with
the Spokane shale (Klemme, 1549, p. 6-7) are sbout 3,000 feet thick, in
sec. 27, T. b N., B. 3 B., they are 500 feet thick and in sec. 31,

T. 5 K., R. & B., they total less than 100 feet. Where the strata
correlated with the Spokans shale are thin they are underlain by
reddish-brown argilliite, pale-green shale, gresn-to-pale-btrown quartzite
and argillite and some silicecus limestone, the wvhole being about 1,000
feet thick. This sequence is correlated (Klemme, 1949, p. 7) with the
Greyscn shale.
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Espire shale.--In the Big Belt Mountains (Mertie and others, 1951,
P. 19-20) the Empire shale is commonly a hard, dense, siliceous shale or
argillite that is thinly Pedded and laminated and ineludes some thin beds
of limestone in its upper pert. The shale is light to dark greenisgh gray
except that red shale similar to the Spokane has been mapped with the
Empire in its lower pert. The lower part of the Erxpire shale is so
gradatiocnal and varisble ihat the base cannot be fixed within an interval
closer than 200 féet stratigraphically. The upper contact is also
&adational but only within & range of 25 to 50 feet. The formstion has
& maximom thickness of ebout 1,000 feet but in pleces pinches out entirely.
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In the general vicinity of Marysville, vhere the Erpire shale
received its name (Walcott, 1899, p. 207) most of the formstion is
entirely comtact metsmorphosed. The ummetamcrphosed portion there has
been described (Barrell, 1907, p. 31) as finely leminated, soft limy
shale, grayish green or tuff, vith a few reddish bands. Its lower
members include yellow and reddish sendstone, in part shaly and in part
calcareous. Earrell measured S20 feet of the Expire shale cut off by a
fault but thought the maximm thickness in the vicinity of Marysville
was mch greater. ‘

The Empire shale (or formstion) 1s well exposed just northwest
of Helsna (Knopf, 1950, p. 837). There it contains pale-green argillite,
brick-red, maroon, and lavender argillite identical with those in the
mlmsmmm,mmmmu@mnmmu
quartzite. Xnopf regards the quartsite beds ss the best means of
distingnishing the Empire from the Spokane. He places the dase of the
Empire at the firat place whers quartzite appears. He regards the
Bapire as about 1,000 feet thick &t this locality.



Helens limegtone.-~The Helena limestone covers larpge areas from
paax Helens northwest a short distance past longitude 112°30*' porth of
Little Prickley Pear Creek snd has alsc been recognized in the Big Belt
Mountains eagt of Helens. West of 112730', as already noted, the name
has been used by scme but the correlastions implied thereby do not seem
warranted on the bemis of existing data. Some of the carbomate bodies
west of 112°30' do not have accepted formation nemes.

Waleott (1899, p. 207) applied the name to rocks nesr Helena thab
copaist of more or less impure hluish~grey end gray thick-bedded
limestone. Weathered surfaces are colored in psxrt buff, in part light
&5y, Irregalar layers of broken oclitic and concretionaxry limestone
occur &b various horizons. Gray siliceous shale and greenish and
purplish shale are intercalated in beds frem one-half inch to several
feet thick. The fommation at Helena was estimated by Walcott to be
2,400 feet thick.

Tn the Big Belt Mowntains (Mertie and others, 1951, p. 20) relations
to other formations justify assigmmemt to the Helena limestone but the
rock differs. in detail from that near Helenm. It is composed of thinly
but unevenly bedded, laminated, fine-grained to dense dolomitic
limestone. Thin partings of shaly limestone or lizy shale are locslly
pregent. The maximm observed thickness is at least 500 feet, but the
formation thins westward and disappears. Mertie and his coworkers
attriute this 1o an erosional unconformity prior to deposition of the
Flathead quartzite.
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Observations by the writer show that the limestone is oolitic. Both
near Helens and in the Big Belt Mountains it contains stromstolites. The
mmmmm&mmmmw&*mwm
recorded in tsble 7 mNEMNEEA are in part related to the stromstolites
or to apparently kindred features. These varistions are reflected in
varicus etched and differextially colored festures on veathered surfaces
that give s distinctive appesrsace to the rock. The etched figures are
reminigcent of the molar tooth markings in the Siyeh limestone tut are
rather more troadly rounded, irregular, and of larger scale than these
markings.

Koepf (1950, p. 837-838) calls attention to the presence of silicecus
colites, edgewise conglomerate and stromstolites. He supports Berrell's
(1907, p. 32) estimate of 4,000 feet for the thickness of the Helena nesr
Marysville. Knopf also thinks that the composition of the formation
Justifies changing the name from Helena limestone to Helena dolomite.
The proportion of dolomite and calcite in the formstion very from place
to plece and the name change is not advocsted here.
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Marsh shals.--Walcott (1899, p. 207-208) speaks of the Marsh shale
as cccuring neaxr Helena and at intervals for some 20 miles to the north
of the city. He describes the unit merely as reddish shale snd gives
thicknesses in different localities that range from 75 to 300 feet.

In the Marysville srea the Marsh shale has been reported (Barrell,
1907, P» 33) to consist of red shale in vhich the lower beds are
calecareous in some places and quartzitic in others. The thickness in
that vicinity was estimated to exceed 1,000 feet.

Knopt (1950, p. 838-839) says deep-red argillite, in part maroon,
purplish, and violet, constitutes much of the Marsh, but gquartzite in
members as mich as 500 feet thick, and cross-laminated siltstone are
interbedded with the argillite. Some laminse contain casts of salt
erystals. The top of the formation south of Marysville is deep-maroon,
mid-cracked and ripple-marked argillite with thin quartzite beds. The
reddish argillite in the Marsh is regarded by Knopf as indistinguishable
from the similar argillite in both the Spokane and Bepire formations.
He thinks the most distinctive mezber of the Marsh is dark-red quartzite
that westhers to & dsep blackish red. On the basis of mapping from
Belena northwestward to Marysville the Marsh shale thickens from 250 feet
nm::w&mrmm&m.
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Tweto (1937, p. 27, op. cit. p. 155) describes an irpure, mottled
light-purple and light-green thin-bedded argillite from the Marsh shale
in the city of Halena. This rock consists of quartz, feldspar, and mincr
amounts of calcite, chlorite, hematite, biotite, muscovite, limonite,
sericits, epidote, and rutile. The feldspar grains are altered and soms
of the chlorite masses have shepes that suggest they may have been derived
from amphibole. The grain gize ia chiefly silt and the rest very fine sand.

Greenhorn Mountain quartzite.--The Greenhorn Mountain quartzite of

Xnopf (1950) 1is exposed on the mountains of that name south of Marysville
and may extend as far west as Nevada Mowntain (Elemnor B. Knopf, written
coamenication). The Greemhorn Mountains quartzite has been grouped with
Palsozoic rocks by earlier workers (Perdes and Schrader, 1933, pl. 2)
and, hence, may be more videspread than is now known. The lower portion
is massive quertzite, in places showing festoon cross laminstion;

the upper third is well stratified in beds 1 to 2 inches thick. The
Greenhorn Mountain quartzite contains notable gquantities of clear
microeline, which distinguishes it from the nonfeldspathic Flathead
quartzite. The Greenhorn Mountain quartzite is reported to be 1,500
feet thick, with the top bounded by the ercsion surface on which the
Flathesd rests.



Rorth Boulder group
Distridution.--The rocks to which the nams North Boulder group was

originally applied (Ross, 1949, p. 133) are in 7. 2 X., R. 3<% W.,
T.1N., R. 1-4 5., T. 1 S., R. & W., as well &8 in and near T. 2 N.,

R. 3-6 B., and northward. Similar material is exposed east of Divide

in T. 1 8., R. 7-8 W., (Sahinen, 1939, 1950). Rocks soc coarse that they

peen best regarded as belonging to the group are now known {0 be present

west and south of Divide (Cuttormsen, Thecdosis, Myers, written communication).
Other masses are expected tc be recognized when further mapping is done

in and near Jefferson and Gallatin Counties, and perhaps elsevhere in
southvestern Montana.
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_/ Perry, B. S., Letter of Oct. 24, 1947, and guide bock of First
Annoal Yield Conference, Billings Geol. Soc., 1950.

its types locality consists of conglomerate with boulders, up to 2 feet
in diameter, of schist, gneiss, pegmatite, marble, and quartzite, typical
of the Cherry Creek seriss. That series {3 extensively exposed farther
scuth. The conglomerste is estimated by Perry to be 2,000 to 4,000 feet
thick. The rocks next above the conglomerate consist of well-bedded greenish
to gray-green coarse sandstone {(graywacke or arkose) composed of angular
to subangular grains of quartz, feldspar, and other silicate minerals
embedded in a dark metrix. These beds were estimated by Perry in 1G47 to
be 2,000 feet thick but in the guidebook pablished in 1950 (Pexry, 1950,
p.ho-hﬂhem'mmm:hmthcwdarofommﬂa'. They are
overlain by arkosic shale. The shale is thin bedded and in different
parts is colored red, pink, purple, black, green, and gray, the last
being doxdinaunt. The thickness of the shsle unit varies from zero to about
1,000 feset. The Flathead quartzite (Middle Cambrian) high on the north
side of the valley of the Jefferson River rests on the shaly beds. Fleld
inspection by M. R. Klepper and the writer shows that the shaly unit is
largely coxposed of beds that resemble the Greyson and Spokane shales
faxrther north. A large expanse covered by Tertiary sedimenmtary rocks
intervenes between the exposures of the Belt series near North Boulder
River and those south of Helema to wvhich formational nemes have been

applied.
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The beds in the area just cited have also been studied by
- Alexander (1955). He named them the La Hood formstion, taking the neme
from a small settlement along the Jefferson River east of Whiteball.
A composite section he measured in disconnected exposures in the
SE1/h mec. 12, T. 1 N., R. 3 ¥., and W1/2 sec. 7, T. 1§., R. 2 W., has

S

three major subdivisions. The lovest consists of 1,121 feet of olive-gray

™ t0 dark-greenish-gray arkosic sandstone with irregular lenses of

conglomerate and minor amounts of silty shale. The largest conglaserate

B lens noted is 240 feet long and 30 feet thick. The conglomerate grades

| both laterally and vertically into sandstone. Mesy of the boulders in the
thickest lenses are over 2 feet in diameter, enclosed in a sandy metrix.

_ Most of the doulders are well rounded but cne lens contains angular

b fragments of light-colored, quartz dicrite gneiss 2 1/2 feet long.

o " The boulders consist of milky quartz, granite greiss, garnet-hornblende-

\ plagicclsse schist, plagioclase, clear quartsz, orthoclase, gabbro, dicrite,

B and light-gray merble with tremolite needlss. The middle unit in the

measured section, 775 feet thick, consists of notably hard light-olive-gray

3 sandstone with beds of silty shale up to 2 feet thick in its lower part.

i The upper unit, 820 feet thick, consists mainly of soft-gray to brown

B sandstone vith a few erratic boulders and a little silty shale. The

ssndstone beds throughout the section are similar snd contain 15 to WO

percent gquartz, 35 to 60 percent faldspar, 1 to 17 percent pyribole,
12 to 32 percent micacecus metrix, and such secessory constituents

as hematite, apatite, garnet sphene, muscovite, calcite, zircon, and
magnetite. The sand grains are poorly sorted and subangular to angular.
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Throughout the unit as described by Alexander the bedding is
regular in resistant beds and highly irregular in soft beds. Inphén
mmafmmuydﬁmﬁmwtmw.
The beds vary from a few inches to 20 feet in thickness. Crossbedding,
ripple marks, and mud cracks are absent dut evidence of intraformstional
scour iz abundant.

It appears from Alexsnder's description thet the proportion of
shaly beds in the North Boulder group incresses northward as a result
of facies changes. About 10 to 15 miles to the northwest of this
Whemmmuofmtmmummm
separated frox each other and from the overlying Flathead guartzite by
coarse beds such as characterize the North Boulder group. He does not
menticn the red shaly and sandy beds that resemdble the Spokene shale.
These crop out east of the lower reaches of the North Boulder Aiver.
Alexander could not measure the full thickness of the North Boulder group
(ris LaHood formation) but regsrded it as detween 2,700 and 5,000 feet
with the larger figure spproximating the totel near Whitehall. Tansley
and Schafer (1933, p. 11, 12} who worked mainlymuth of Whitehall, found
similar rocks in the northern end of their ares. They estimated the
maxtimom total thickness as 5,000 feet but the unit thinned rapidly to

170
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Four miles northwest of Sappington, cosrse rocks here sssigned to
the North Boulder group have been reported (Berry, 1943, p. 5-8). These
beds sre dark-greenish , coarse arkosic sandstone, in part
conglomeratic. The pebbles are of gneiss and white vein guartz.
Micacecus shale is interbedded with the sandstome in the middle part of
the sequence. The total recorded thichess is 4,000 feet.

The northern end of the Tobscco Root Mountains contains rocks whose

reported character (Barnes, J. V., 1954, unpub. mh}-/ warrants

_/ Baxnes, J. V., 1954, North end of the Tobacco Root Mountains,
Madison, Coumty, Mont.: Unpub. rept. Indians Undv.

assignment to the North Boulder group. These consist mainly of tan and
gray conglomerste, arkosic sandatone and argillite.

Y
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InmﬁmomemﬂainT.l!.,R.lﬁ.,ﬁichinﬂnﬂu
part of that described by Berry, and in s smaller-ares in sec. 5, T. 1 K.,
R.lB.,G.D.BoM(inmp-l%)mmudmcksotthem
Boulder group. Thess consist mostly of thick-bedded, dark-yellowish-brown,
coarse micuceous, feldspathic sandstone. Some layers contain many flat
pebbles. Thin lsminse of mlcaceous, olive-gray siltstone seperste meny
of the sandstone beds, espescially in the upper part of the seguence. In
the lowest, most scutherly exposures, lenses of cobble conglomerate
appear. A distinctive reddish-brown to grayish-red, cosrse sxrkosic
sandstone, 100 to 250 feet thiek, is at the top of the exposed sequence.
The aversge grain size throughout the assemblage decreases northward,
both stratigraphically upward and down the dip. The exposed thickness
is 4,000 feet.
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These rocks are rich in mica, chlorite, microcline, and scdic
plagioclase. The coarse sandstone, here ihe dominant component, contains
g percent quarts, 30 percent vhite or colorless oligoclasa-endesine,
15 percent orange-pink microcline, 5 percent mica, mostly blotite, and
10 percent metrix, largaly chlorite, clay minerals, limonite-hemmtite,
and locally carbonates. Minor constituents inelude zircon, apatite,
sphene, and opaque oxides. The siltstone laminse contain much the sane
minerals but with chloxite, mica, and clay minersls dominant, and quartz
and feldsper rare. The cobbles in the conglomerate include vein gquartz,
quartzite, granite pegmatite, diorite, gneiss, arphibolite, and dolerite.
The red sandstone at the top of the seguence locally has as much as 25
percent of clay-size material. It is low in mice and high in chlorite
snd limonite-hematite. The plagicclase i3 thoroughly argilliized though
the microcline is fresh.

4
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The Belt series in aress sast of Three Forks and extending as far
north as White Sulphur Springs hes recently been described in three
doctoral dissertations (Klemme, 1949, p. 6-8; Tanner, 1949, p. 12-17;
Verrall, 1955, p. 15-30). The descriptions are summarized in preceding
parts of the pressnt report. They indicate that representatives of the
Spokane shale, Greyson shals, Newland limestone, and possibly the
Chandberlain shale, may be present. Towsrd the south, mostly in the area
stulied by Verrall, these rocks interfinger with cosrse beds regarded
by Verrall as stratigrsphically lower than the laHood formation of
Alexander (1955). The North Boulder group of the present report includes
all the coarse corponents of the Belt series in this part of Moatana.
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Coarse sedimentary rocks of the Belt series have long been kmown
in the mountsins in and near T. 2 N., R. 6 B. (Merrill, J. P. in Feale,
1893, p. 49, Pesle, 1896, p. 2). These rocks have recently been studled
in some detail by McMsanis (1952, p. 11-1b, 1955, p. 1390-1392). His
description resembles that of the Borth Bculder group in its type locality
80 closely that the correlation can be mede with confidence. The rocks
mmnw,mmuwm,mmm
M,M—mu&ﬂlﬂaaﬁafnhﬁsaﬁ@mhmm. The
Wmm?mmmum,m,mm
in a sandy matrix. m‘muwmuwmmhmﬁcnn
to find. It is moderstely dark gray green vhere fresh and weathers dark
brownish green, loeally reddish. It contains quarts, microcline, and
orthoclase, with some plagioclase in a xetrix composed largely of chiorite
and altered bdictite and axphidcle. The assemblage of cosrse sedimentary
Tocks is over 6,000 feet thick.
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The rocks of the Belt series east of Three Forks and north of the
lower reaches of the East Gallatin River were originally described as
consisting (Peale, 1593, p. 15-20) of cosrse micaceous sandstone and
conglomerate, with beds of hard-brown, green-black, and red arginnems
smmdMWm-Mmmm. The sandstone
nmmmmmewmmwmumeu@m«. The -
limestone is mainly low in s segquence 2,300 feet thick measured by Peals.
He quotes two analyses of the limestone, given in the table below.

Charles Catlett, USGS analyst

I I
Calcium carbonate (cac_o;) 67.85 59.11
Magnesixm carbonste ()wo;) - 6.18 1.96
Iron oxide (30203)

2.50 1.92
Alxmirum oxide ()LL203}
Insoluble (silica) 23.50 35.26

Total 100,03 98.25
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An exposure here tentatively correlated with the North Boulder group
is in and nesr T. 1 8., R. 7-8 W., east of Divide. These rocks are
described (Sshinen, 1950, p. 13-15) as composed of a thiek, conglomerste
averlain by argillite, slate, quartzite, and quartzitic conglomerate. The
basal conglomerate, which overlies schist unconformebly (Sahinen, 1939,
P. 1h) is greenish gray and contains subangular to well-rounded pebbles
and small boulders of quartx, quartzite, slate, snd schist in & matrix
of fine quartz sand and argillacecus material with apprecisble amcunts
of vhite mica. The pebbles range from less than 1/4 to over 6 inches in
diaweter. The conglomerate passes upwvard into a coarse-grained dark-gray
arkose containing feldspar, quartz, and white mics. The argillite, the
predominant rock, is gray green, fine grained and irregularly laminated.
The srgillite weathers dark red. It conmtains quarts, feldspars, sericite,
and clay minerals in grains 0.25 millimeter and less in diameter. Much
of the argillite is still finer grained; in some the maximm cbserved
diameter of quartz grains is O.b millimeter. Most of the quartzite is in

 pink and black layers snd composed of grains 0.05 millimeter and less in

diamater. Some of the quartz has been recrystallized into a mosaic and
shovs minute needle-shaped crystals and shreds of sericite. The conglomeratic
beds have pebbles up to A inches in diameter in a pink quartsite matrix

streaked with black. The quartzite can generally be distinguished from
that of Paleczoic age by the dark-colored irregular layers or streaks.
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_/ Theodosis, 8. D., 1956, Melrose Area: geologic mep accompanying
unpudlished Ph. D. dissert., Indians Univ.

group in T. 1 8., R. 9 ¥., southeast of Divide. He estimated the thickness
as over 4,000 feet and recorded black, gray, gresn, and red silty shale
and arglllite with conglomeratic quartzite in the lover parts of the
sequence. The upper few mmdred feet include purplish-red, vhite, yellow,
and gray conglomeratic quartsite, intercalated with browm silicecus
argillite.

Exposures west of Divide seem to be, st lesst in part, correlatable
with the North Boulder greup (Guttormsen, 1952, Myers, 1958, written
commmications). These beds include mercon sandy quartzite, buff to
white quartsite and quartzitic sandstone, silistone, argillite, and
conglomerate. Unlike much of the conglomerate in the group, the
contained pebbleg and codbles are well rounded end rather well asorted,
vith long axes tending to be perallel to the bedding planes. Dismeters
range from 1/8 inch to 8 inches, commonly sbout 2 inches. The petbles
and cobtbles are mostly quartz and quartzite, vithaoudasﬁer. The matrix
is quartzitic snd contains feldspar, sericite, and hematite. The sandstone
sbove is crossbedded and locally shows ripple merks and mud cracks.

Some beds contain garnmet. The Hammark formation (Upper Ceambrian) is
reported to rest directly on the rocks Just described but the upper pert
of the Belt sequence here is quartzitic sandstone, leaving the
poseibility open that it may include represemtatives: 6F the Flathead
qumzite,michmmatofthereiig:éuthemstcfthecm:m

i

formation.
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The series in snd near northeastern Washington
Distritution.«-The Belt series is present in and near the northeastern

corner of Washington but its components cannot at present be correlated
with pamed units farther east. Rochoftham;mcmpmin
Boundary County, Idaho, west of the wvalley of the Kootenai River, in and
nesr Pend Oreille Coumty, Wash., snd squivalent strasta reach over large
sreas in British Columbia northvard at lesast as far as the viecinity of
lstitude 52°. In British Columbia, and to some extent in Weshington,
the Shuswap complex (Geol. mep of British Columbia, 1548) of metamorphic
rocks prodably includes rocks of the Belt series, that cannot be
separately delinssted on the basis of available data. The Priest River
group, or terrane, once regarded ss pre-Belt, (Daly, 1912, p. 258-271) 1s
belisved to be part of the Belt series for reascons outlined on p. 332,
335«
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Character.--In northeestern Washington (Park and Canmon, 1943, p. 5-15)
the stratigraphic sequence incindes, in ascending order, the Priest River
group, Shedrocf conglomerate, Leola volcanics, and the Monk formatiocn.
In Daly's nomenclature (1912, p. 258-271) the Priest River group ia the
Prieat River terrane, the Shedroof conglomerate is the Irene conglomerate,
and the Leola volcanics is the Irene volcenic formation. In & later
repoxrt (Little, 1950, p. 5~6) the Shedwwof conglaomerste becomes the Toby
conglomevate, and the Leola volcanics ere called the Ivens volcsnic formation.
Little regaxds the Toby end Irene as belonging to the Windermeve series,
the Precambrian paxrt of which corresponds to the upper part of the Belt
geries of the United States. The Priest River group is a complex sequence
of metamworphic rocks that includes phyllite, schist, limestone, dolcmite,
martzite, and volesnic rocks, regarded as unconformshly below the
shedrocf conglomerate. memglmeisame,mmly
sorted, dingy-gray-brown rock. Most of the contained fragnents are 1 to
8 inches across. Many are smeller and & few irreguler limestone blocks
have dismeters of 5 fest or more. Some sandy phyllitic and dolomitic
beds are intercalated in the conglomerate, The pebbles in the Shedroof
conglomerate have probably been derived from the Priest River group,
but the bedding in the latter appesxs to parallel the contact with the
conglomeyate. The thickness of the Shedroof conglomerate varies widely
but is several thousend feet. The rock may be a fanglomerste but its
origin is not clear.” “fhe wide deposition of such immense guantities of
uniformly coarse debris is difficult to explain” (Park and Cannon, 19k3,
P- 9). The Shedroof conglomerste grades upward into the Leola voleanics.
The letter includes greenstone end green schist, regarded as metamorphosed

lava and tuff. The thickness is variasble and difficult to detemine but
is supposed to be over 5,000 feet.

WY 190



The Monk formation overlies the Leola volcsnics, apparently
unconformably. It consists mainly of fine-grained phyllite but
-inclfadcs quartzite, grit and quartzitic limestone, with conglomerate
st the bn‘aou. Park and Canpon tentatively assigned the Monk formation
to the Caxbrian, as it is conformable with and grades upward into the
Gypsy quartzite which has yielded Cambrian fossils. Two other formations
of Cambrian age (Maitlen phyllite and Metaline limestone) lie above the
Gypsy quartzite. In British Columbia the contact between the Precambrian
and Cambrisn has been plasced tentatively scmewhat higher on the bdasis of
more recent work (lLittle, 1950, p. 10-11). The change is made mainly
because the base of the Monk formation appears 1o be 12,000 to 1h,500
feet belov a horizon at which abundant pleosponges have been found. The
latter are regarded and probably equivalent to the Olenellus zone of
Lowver Cambrian age. The fossils collected dy Park and Cannon in their
Gypsy quartzite are thought by Little to come from a horizon several
hundred feet below the horizon thal yielded the pleosponges. Little
tentatively places the Precambrian-Cambrian boundary at the base of his
Quartzite Range formation which sppears to correspond to a horizon within
the Gypsy quartrite of Park and Cannon. The latter is 5,300 to 8,500
feet thick. In any event, no hiatus has teen suggested anywhere between
the base of the Monk formation and the horizons that have yilelded Lower
Cambrian fossils. Hence the horizon selected as the base of the Cambrian
ojmtan in the locality is necessarily arbitrary, chosen mainly on the
basis of ready recognition in mapping.
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In the northwest corner of Idaho (Kirkham snd Ellis, 1926, p. 17-27,
39-40) the Irene conglomerats and Irene volcanic formation of Daly heve
been grouped as Purcell lava, although obviocusly sedimentary rocks make
up a large part of the unit. At the base of the so-called Purcell lava
is 5,000 feat of conglomerate in which the sand and pebbles are chiefly
made up of sericitic quartzite and vhite quartzite supposed to have been
derived from the Revett quartzite of Kirkham and Ellis, pert of an
assenblage they thought equivalent to the Priest River terrans of Daly.
The conglomerate interfingers at the top with 5,000 feet of altered
basaltic and andesitic lava flows, greenstome schist, tuff, conglomerate,
breceia, and dolomits.

The rocks included in the Priest River terrane (Daly, 1912) are
metamorphosed and he thought that they wers bounded at the top by an
unecnformity. In northeastern Washington these rocks have been called
the Priest River group (Park and Cannon, 1943, p. §) and incinde
phayllite, schist, limestone, dolomits, quartzite, and volcanic rocks.
The unconformity at the top is noted. In British Columbia (Ceol. map of
British Columbis, 19k8) the rocks Daly included in the Priest River
terrsne sre mapped as belonging to the upper part of the Purcell series
snd the Windermere series.
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